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Math for Success in Electronics: Instructor’s Guide

Purpose of This Guide

The purpose of this Guide is to provide instructors of Math for Success in Electronics with:
« an overview of the Math for Success in Electronics program

+ an overview of the program materials

. some suggestions for working with adult learners

©Industrial Technolugy Insutute; Wayne County Communaty College, Greal Leke~ Dinision, National Steel Corporation; 1991
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1. Math for Success in Electronics

A. Background

Math for Success in Electronics is designed to assist steelworkers in preparing to enter an
electronic-based community college curriculum. It is based on the needs of Great Lakes Steel -
United Steelworkers of America employees, Ecorse, MI.

Math for Success in Electronics assists individuals in developing and strengthening select math
competencies required as a foundation for an electronics-based curriculum. In Math for Success
in Electronics, math is presented in the context of electrical/electronic and physics applications.
B. Audience

Math for Success in Electronics was initially designed for steelworkers interested in preparing
to enter an electronics-based community college program. Evaluation results suggest that others
interested in strengthening their math competencies may also find these materials helpful.

C. Materials

Math for Success in Electronics contains:

« 27 self-administered student workbooks
« two student reference books
« one instructor’s guide

CIndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 1
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D. Objectives

Math for Success in Electronics is designed to assist individuals in acquiring and strengthening
select math competencies required as a foundation for an electronics-based curriculum. Math for
Success in Electronics is designed to assist and support individuals in developing and
strengthening the following math competencies:

. adding, subtracting, multiplying and dividing signed numbers
. adding, subtracting, multiplying and dividing fractions

. adding, subtracting, multiplying and dividing decimal numbers
. adding, subtracting, multiplying and dividing powers of ten

« adding, subtracting, multiplying and dividing numbers written in scientific notation
« defining independent and dependent variables when working with coordinates
+ plotting and drawing line graphs

+ extrapolating information from line graphs

. converting metric measurements

+ converting English and metric measurements

« converting English Measurements

. cross multiplying when working with proportions

« converting fractions and decimal numbers

« converting fractions and percents

. converting decimal numbers and percents

. calculating percents

. rounding numbers

. solving equations with fractions

. solving equations with whole numbers

. solving equations with decimal numbers

. solving equations with signed numbers

. solving equations with squares and square roots

. solving equations with scientific notation

. solving non-linear equations with whole numbers

. solving linear equations by transposing

« solving non-linear equations by transposing

OIndusirial Technology Instiiute. Wayne County Community College; Great Lakes Division, National Steel Corporation. 1991 2
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2. Student Materials

A. Book Types

Math for Success in Electronics contains four types of student books. Three of these types
are workbooks; the fourth type is reference books. The following information describes each book
type and lists the quantity of each type in the program:

—

—

Type of Book Description Title Identification | Quantity
Learn and Practice These workbooks instruct the | "How to. . . " 20
learner on a specific math
competency. Contextual

examples are provided.
Practice problems and answers
are included.

Review and Practice | These workbooks review math | "Working with. . . " 6
principles associated with a
specific math competency.
Practice problems and answers
are included for building skill
fluency.

Practice This workbook provides | "Practice Problems 1
additional opportunity for | with..."
building skill fluency. It
contains practice problems and
answers.

Reference These books reference the | "Key Words: . .. " 2
math and electrical/electronic | Additionally, these
terms used throughout the | books are marked as

workbooks. Reference on book
covers.
©lndustrial Technology Institute; Wayne County Community College: Great Lakes Division, National Steel Corporation; 1991 3
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B. Book Titles/‘Competencies

Math for Success in Electronics contains 29 workbooks and reference books. Book titles
identify the content of each book. These books are listed below; the workbooks are listed in order
of lowest to highest competency level:

Workbooks:

1 How to Round Numburs

2 Working with Signed Numbers

3 Working with Decimal Numbers

4, Working with Fractions

5. How to Convert Fractions and Decimal Numbers

6 Working with Percents

7 How to Convert Fractions and Percents

8 Practice Calculations with Fractions, Decimals and Percents
9, Working with Scientific Notation

10. How to Add and Subtract Powers of Ten

11, How to Multiply and Divide Powers of Ten

12, Working with Coordinates

18. How to Plot and Draw Line Graphs

14, How to Extrapolate Information from Line Graphs

15. How to Convert Metric Measurements

16. How to Convert English and Metric Measurements

17. How to Convert English Measurements

18. How to Work with Proportions

19. How to Solve Equations with Whole Numbers

20. How to Solve Equations with Decimal Numbers

21, How to Solve Equations with Signed Numbers

22, How to Solve Equations with Scientific Notation

23. How to Solve Equations with Squares and Square Roots
24, How to Solve Equations with Fractions

25, How to Solve Non-Linear Equations with Whole Numbers
26. How to Solve Linear Equations by Transposing

217. How to Solve Non-Linear Equations by Transposing

Reference

28. Key Words: Electrical/Electronic
29. Key Words: Math

©lIndusirial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 4
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The following information lists the books by type:

Learn and Practice:

1. How to Round Numbers

5. How to Convert Fractions and Decimal Numbers
7. How to Convert Fractions and Percents

10. How to Add and Subtract Powers of Ten

11. How to Multiply and Divide Powers of Ten

13. How to Plot and Draw Line Graphs

14 How to Extrapolate Information from Line Graphs

15. How to Convert Metric Measurements
16. How to Convert English and Metric Measurements
17. How to Convert English Measurements

18. How to Work with Proportions

19. How to Solve Equations with Whole Numbers

20. How to Solve Equations with Decimal Numbers

21. How to Solve Equations with Signed Numbers

22, How to Solve Equations with Scientific Notation

23, How to Solve Equations with Squares and Square Roots
24, How to Solve Equations with Fi-actions

25. How to Solve Non-Linear Equations with Whole Numbers
26, How to Solve Linear Equations by Transposing

27. How to Solve Non-Linear Equations by Transposing

Review and Practice:

2. Working with Signed Numbers

3. Working with Decimal Numbers

4. Working with Fractions

6. Working with Percents

9. Working with Scientific Notation

12. Working with Coordinates
Practice:

8. Practice Calculations with Fractions, Decimals and Percents
Reference:

28. Key Words: Electrical/Electronic
29, Key Words: Math

©Industrial Technology Institute, Wayne Cuunty Community College; Great Lakes Division, National Steel Corporation, 1991 5
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C. Prerequisites

Math for Success in Electronics is suitable for individuals who read comfortably at a high
school level. Each workbook in the program has defined prerequisite skills listed on the
workbook cover. Should instructors require additional information about preparing students to
use Math for Success in Electronics workbooks, the following matrix, Preparations Topics,
may be helpful. In this matrix, some listings are followed by a number; this number refers to
the corresponding document in the Learning Unlimited math series.

©indusirial Technology Institute; Wayne County Community College. Great Lakes Diusion, National Steel Corporation: 1991 6
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S,

Preparation Topics

Math for Success
in Electronics
Workbooks Preparation Topics
| How to Round Numbers | Rounding up to 3 - Digit Numbers (N3G1A) .
| Rounding to the Nearest Thousand, Ten Thousand (N302B)
I Rounding Millions, Billions (N303C)
| Working with Signed Numbers Positive and Negative Numbers (A101G-3042) l
| Adding and Subtracting Signed Numbers (A102G-3043)
| Muiltiplying and Dividing Signed Numbers (103G-3044)
. i
Working with Decimal Numbers | Adding Decimals to Thousandths with Regrouping (R310E) ‘
: Subtracting Decimals to Thousandths with Regrouping (R320E) |
{ Multiplying Decimals to Thousandths with Regrouping (R330E) l
| Dividing Decimals to Thousandths with Regrouping (R340E)
; |
Working with Fractions L dding, Subtracting, Multiplying and Dividing Fractions (R270F) |
' !
How to Convert Fractions and ! Changing Decimals to Fractions and Fractions to Decimals (R371C) |
Decimal Numbers |
l
| Working with Percents Concept of Percent: Conversions (R401D) |
How to Convert Fractions and Decimals and Fractions (R370G-3016) !
! ents : Percents, Fractions and Decimals (R400G-3017)
; | _
! Practice Calculations with Fractions, | Adding, Subtracting, Multiplying and Dividing Fractions (R270F)
‘ Decimal Numbers and Percents . Adding, Subtracting, Multiplying and Dividing Decimals (R360F)
§ Working with Scientific Notation 1 Exponents and Bases (A204D)
‘ ! The Concept of Decimal Numbers (R300G-3012)
|
! How to Add and Subtract Powexs of | The Concept of Decimal Numbers (R300G-3012) |
Ten ‘ Exponents and Bases (A204D) t
] Scientific Notation l
|
©industrial Technoiogy Institute; Wayne County Community College; Great Lakes Division. National Steel Corporation; 1991 7
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Muath for Success
in Electronics
Workbooks Preparation Topics

How to Multiply and Divide Powers
of Ten

| The Concept of Decimal Numbers (R300G-3012)

| Exponents and Bases (A204D)

Scientific Notation

| Adding and Subtracting Signed Numbers (A102G- 3043)

| Concept of Coordinates (ABO1F)
Plotting Coordinates (A610G-3063)

Working with Coordinates

How to Plot and Draw Line Graphs | Plotting Coordinates (AB10G-3063)
| Reading a Graph of an Equation (A612G-3064)

| Making a Graph of a Linear Equation (A613G-3065)

How to Extrapclate Information from

Reading and Solving Problems with Line Graphs (S122C)
Line Graphs

§ Plotting Coordinates (A810G-3063)

| Metric Length (M320E)
| The Metric System of Measurement (M300G-3027)

How to Convert Metric
Measurements

How to Convert English and Metric { The Concept of Decimal Numbers (R300G-3012)
Measurements

How to Convert English | Standard Length (M220E)
Measurements :

How to Work with Propurtions | Using Proportions (A502G-3061)

Using Ratio and Proportion to Solve Practical Problems (A510G-3062)

How to Solve Equations with Whole

| The Concept of Equations (A300G-3051)
Numbers :

| Solving Equations by Adding and Subtracting (A302G-3052)
| Simplifying Equations (A304G-3054)
i Order of Operation (A206D)

How to Solve Equations with Decimal
Numbers

| The Concept of Equations (A300G-3051)

: Solving Equations by Adding and Subtracting (A302G-3052)
| Simplifying Equations (A304G-3054)

‘ Order of Operation (A208D)

©Industrial Technology Institute; Wayne County Communily Cuilege; Greal lakes Divisron, National Steel Corporation, 1991 8

13




Math for Success in Electronics: Instructor's Guide
R e - s

Math for Success
in Electronics

Workbooks Preparation Topics
| How to Solve Equations with Signed | The Concept of Equations (A300G-3051)
| Numbers | Solving Equations by Adding and Subtracting (A302G-3052)
} ' Simplifying Equations (A304G-3054)
| | Order of Operation (A206D)
! i
|
| Hc w to Solve Equations with ‘ The Concept of Decimal Numbers (R300G-3012)
i Scientific Notation Exponents and Bases (A204D)
| Order of Operation (A206D)
l v
5 i
' How to Solve Equations with Squares | Square Roots (A205G-3048)
E and Square Roots 1 Order of Operation (A206D)

!

How to Solve Equations with
Fractions
|

;: Parentheses Within Equations (A307G-3057)
| Order of Operation (A206D)

Adding Fractions (R210G-3008)
Subtracting Fractions (R220G-3009)
Multiplying Fractions (R240G-3010)
Dividing Fractions (R250G-3011)

ool e ————————————————

How to Solve Non Linear Equations ] Square Roots (A205G-3048)
with Whole Numbers Order of Operation (A208D)
|
How to Solve Linear Equations by ' The Concept of Eauations (A300G-3051)
Transposing

)
i

1 Solving Equations by Adding and Subtracting (A302G-3052)
f Solving Equations by Multiplying and Dividing (A303G-3053)

Order of Operation (A206D)

How to Solve Non Linear Equations
by Transposing

The Concept of Decimal Numbers (R300G-3012)
Exponents and Bases (A204D)
Order of Operation (A206D)

©industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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D. Features

The following information highlights common features of the Math for Success in Electronics
workbooks and reference books:

» Focus Statement. a statement describing the content of the workbook

Job Examples: a references to how the math competency is used in
electrical/electronic job applications

» Key Words: math terms, definitions and examples associated
with workbook content

» Sample Problems: examples used as reference for explaining a math
methodology
- Practice Problems: work problems (and answers) emphasizing electronics

and physics curriculum contexts
+ Technical Definitions: simple definitions for electrical/electronic and
physics terms
» Self-administered Format: format suitable for individual, dyad or small group
implementation
E. Implementation Options
The Math for Success in Electronics materials are designed for implementation flexibility. Books
may be used by an individual at his’her own pace; they may also be used as a foundation for group
discussion and learning. “epending on student learning needs, these books may be used alone or

as an introduction or supplement to other materials. They are easily reproduced for using in a
variety of settings such as home, library, campus tutoring lab and work site.

©Industrial Technology Institute, Wayne County Community College; Great Lakes Division, National Steel Corporalion; 1991 10

ERIC 1t




oo Tre T T L ART SIS EVEA RS pr SRR e St 0y =

Math for Success in Electronics: 'nstructor's Guide

3. Electronics Curricula Linkage

The following matrix identifies the relationship between the math competencies presented in

Math for Success in Electronics and math competencies emphasized in the core courses of an
electronics curriculum:

©lIndustrial Technology Institute; Wayne County Community College. Great Lakes Division, National Steel Corporation; 1991 11
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Electronics Curriculum Math Competency Emphasis

& @
& 4 §
§ § &
s & e
D f D i’ & - ~
s $ 78 S 78 ¥
§ §F & ¢ ¢ F 5 s &
S & £ ,‘3 F 5 f‘? y 7 & &
Math for Success & & F & j g & & f s &
in Electronics j’ 7 g i’j s F o ;3’ 5y & 4
Workbooks Fl1E|F|F| || F| 5| F|F| o

How to Round Numbers d i d d i d i d i d
Working with Signed Numbers i d i d . i i . i i i
Working with Decimal Numbers ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢
Working with Fractions ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢
How to Convert Fractions and ° ° ° ° ° ° ° ° ° °

Decimal Numbers
Working with Percents ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ H
How to Convert Fractions and ° ° ° ° ° ° ° ° ° °

Percents
Practice Calculations with Fractions,|| o ° ° ° ° ° ° ° ° °

Decimal Numbers and Percents

Working with Scientific Notation ettt °*°!° M
How to Add and Subtract Powers of ° ° ° ° ° ° ° ° ° l

Ten
How to Multiply and Divide Powers ° ° ° ° ° ° ° ° ° I

of Ten
Working with Coordinates LA R L R B |
How to Plot and Draw Line Graphs F. A B LA A O |
How to Extrapolate Inform~tionfrom || o ° ° ° ° ° ° ° ° ° I

Line Graphs

Olndustrial Technology Institute; Wayne County Community College. Great Lakes Division, National Steel Corpuration, 1991 12

18

il
i



Math for Success in Electronics: Instructor’s Guide

s f g
L f» &
S 5§ F
& ;’ f &
§ - § - y § >
& F 7 g ;& e &
T e f 7 s T
Math for Success g & § §F & 7 F 4 &
in Electronics J & j Qf 7 & ;,' i ; F
Workbooks SIS F e & FIF|E1 1S
How to Comvert Metric ° ° ° ° ° ° i
Measurements
How to Convert English and Metric ° ° ° ° ° ° ° I
Measurements
How to Convert English ° ° ° °
Measurements
How to Work with Proportions * * * ¢ ¢ ¢ ¢ ¢ ¢
How to Solve Equatinns with Whole ° ° ° ° ° ° °
Numbers
How to Solve Equations with Decimal . ol o ol e I h
Numbers
How to Solve Equations with Signed ° ° ° ° ° ° ° a
Numbers
How to Solve Equations with ° ° ° ° ° ° ° I
Scientific Notation
How to Solve Equations with Squares ° ° ° ° ° ° ° F
and Square Roots
How to Solve Equations with ° ° ° ° ° ° °
Fractions
How to Solve Non Linear Equations ° ° ° ° ° ° °
with Whole Numbers
How to Solve Linear Equatioas by ° ° ° ° ° ° °
Transposing
How to Solve Non Linear Equations ° ° ° ° ° ° °
by Transposing

©industrial Technology Instuute. Wway.'» Counly Community College; Greal Lakes Division, National Steel Corporation, 1991
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4. Working with Adult Learners

Adults learn best when they understand the relationship between what they are learning and
the practical use for it; they learn what they consider to be important.

Individuals have different styles of learning. Some prefer to work alone to understand the
materials before discussing it. Others learn more easily when they are able to discuss the
material with others first before working alone with the materials. $ome individuals prefer a
combination of both depending on the content of material they are learning.

When working with adult learners, it may be helpful to keep the following things in mind:
« recognize that some individuals may not have engaged in formal learning
since their school days and that they may require some encouragement to engage
in learning activities; help them generalize what they are learning to their life

and work experiences and goals

« be approachable to allow individuals to feel comfortable participating, asking questions
and discussing their own experiences and learning needs

« create a participatory environment to encourage learners to assume responsibility for
their own learning

« incorporate a variety of instructional techniques when possible to accommeodate
learning style differences among learners

©industrial Technology Institute; Wayne County Communuty College; Great Lakes Division, National Steel Corporation. 1991 14
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Prerequisites:

Workbook users should understand.
« the concept of decimal points
« the concept of decimal places
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How to Round Numbers
R Rmm———————— i A A P e = e

This lesson explains how to round numbers in order to change them into a more convenient form.

Job Examples

Job examples of when you will round numbers include:
. recording measured data that has a predetermined accuracy
« recording calculated data that has a predetermined accuracy

Key Words

Example

round

digit

{
l significant
digit

decimal pcint

decimal number

decimal place

Explanation

the process of slightly increasing or
decreasing a number to make it more
convenient to use

a numerical figure

all non-zero digits (1 through 9); the
zero is significant when it holds any
place value to the right of a non-zero
digit

a dot between the ones place and tenths
place in a number

a number with a decimal point between
the ones place and the tenths place

the position of a digit in a decimal
number

2307 rounds to 2300
998 rounds to 1000
74.0012 rounds to 74
19.482 rounds to 19.5

0,1,23,4,5,6,7,
8,9

VA
.003405

L
50900

3.2, 100.24, .6, 78.1

1.3, .5, 24.89, 110.75

¥ 2 »
£38aw §

t:g?b N

$8&28 S 259
§:55¢8¢8 §56¢
S8 s8¢ 8
896.328.97 21

OlIndustrial Technology Institute; Wayne County Community College; Greal Lakes Division, National Steel Corpuration; 1991
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How to Round Numbers

Example 1: Current (1) is the flow of electrical charge; it is measured in amps (A). You
measured the electrical current in a circuit and found the current was
12.384 amps (A). You only need the accuracy to three significant digits, so
you must round the value.

1. Identify the number of significant digits to 12.384
which you must round. round to 3 significant digits
2. Counting from the left, place a caret to the 12.3.84 A

right of the last significant digit.

3. If the first digit to the right of the caret is This step is not applicable to
less than 5, replace all digits to the right of this problem
the caret with zeros.

4. If the first digit to the right of the caret is 123,84 A
5 or higher, replace all digits to the right of 12.400 A
the caret with zeros and add one (1) to the
digit to the left of the caret. 124 A

12.384 A rounded to tliree
significant digits is 12.4.

©lndustrial Technology Institute, Wayne County Community College; Great Lakes Division, National Steel Corporation, 1991 2
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How to Round Numbers

Example 2: A resistor is a component that controls the flow of current and/or voltage in a

circuit. The calculated value of a certain resistor is 1,037,013. You need to
round this value to the nearest thousand to obtain the required accuracy.

1.  Identify the number of significant digits to 1,037,013
which you must round. round to the nearest thousand
(4 significant digits)

2. Counting from the left, place a caret to the 1037,013
right of the last significant digit.

3. If the first digit to the right of the caret is 1037,000
less than 5, replace all digits to the right of
the caret with zeros.

4. If the first digit to the right of the caret is This step is not applicable to
5 or higher, replace all digits to the right of this problem.
. the caret with zeros and add one (1) to the
digit to the left of the caret.

The rounded value of the resistor
is 1,037,000.

Olndustrial Technology Institute; Wayne County Community College, Great Lakes Division, National Steel Corporation, 1991




How to Round Numbers

e -
Practice Problems

Read each problem and solve for the answer. Answers are provided in the back of this workbook.

Some Practice Problems refer to the following information:
« resistance (R) -- the ability of a device, material or component to oppose the flow of electric
current; it is measured in chms (Q)
« current (I) -- the flow of electrical charge; it is measured in amps (A)
« power (P) - in general, energy delivered or consumed per second; it is measured in
watts (W)
« voltage (V) -- electrical force or pressure; it is measured in volts (v)

1. The resistance (R) of a component is calculated at 54382 ohms (©2). What is the resistance (R)
rounded to three significant digits?

. 2.  The current (I) of an electrical device is 2.3072 amps (A). What is the current (I) rounded to
three significant digits?

3. A transistor is a device that is used as an
amplifier or a switch. The current (I) of a
certain transistor is calculated at .0000138 A.
What is the current (I) rounded to the nearest

millionth? I\
® pins
transistor
©lndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 4
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How to Round Numbers

4. A resistor is a component that controls the flow .___M__‘
of current and/or voltage in a circuit. The
power (P) consumed by a certain resistor is resistor

342 watt (W). What is the power (P) rounded to
two significant digits?

5. The voltage (V) in a power line is 13,800 volts (v). What is the voltage (V) rounded to the
nearest thousand?

6. The power (P) of an electric motor is 2238 watts (W). What is the power (P) rounded to the
nearest hundred?

©Industrial Technology Institute, Wayne County Community College; Great Lahkes Division, National Steel Corporation; 1991 53
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How to Round Numbers

7. The current (I) of a certain electrical device is calculated at .08572 amps (A). What is the

current (I) rounded to the nearest thousandth?

8  The resistance (R) of a certain electrical device is 22,081 Q. What is the resistance (R) rounded

to the nearest thousand?

9. The power (P) consumed by a certain device is 45.38 watts (W). What is the power (P) rounded

to three significant digits?

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 6
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How to Round Numbers

Answers
1. 54400 Q
2. 231 A

3. .000014 A
4, .34 W

5. 14,000 v
6. 2200 W
7. .086 A

. 8. 22,000 Q

9. 454 W

®lIndustrial Technology Institute; Wayne County Communuty College. Great Lakes Diwvision. National Steel Corporation: 1991 7
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for
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in
Electronics

Working
with
Signed Numbers

Prerequisites:

Workbook users should understand:
« the concept of positive and negative numbers
« how to add, subtract, multiply and divide whole numbers
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Working with Signed Numbers

Working with Signed Numbers

Focus

This lesson reviews how to add, subtract, multiply and divide signed numbers.

Job Examples

A job example of when you will use signed numbers is measuring positive and negative voltages.

Key Words
——— — —————— ——— — ’—_——_‘
Word Explanation Example
signed number a negative number or a positive -4, -12, 3, 802
number
number line a line showing the relationship D P P e o 0
of signed numbers to each other 2 -1 0 1 2 y
negative number a number; written with a minus -207, -.05, -15
sign (-) beiore it
positive number a number greater than zero; the +749, +.58892, +-15—3
plus sign (+) indicates the number or
is positive; but this is understood 749, 58892, '1§§
and usually not included with the
number
zero a digit that has no quantified 0
value
sum the result when adding numbers 2+3 5
difference the result when subtracting 7-6=1
numbers
product the result when multiplying 4. 3=12
numbers
quotient the result when dividing numbers 8+2=4
P ——————— —————— el — — =
©lIndustrial Technology Institute, Wayne County Community College; Great La‘es Division, National Steel Corporation, 1991 1
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Working with Signed Numbers

Rules for Working with Signed Numbers

Addition:
+ like signs: to add numbers with like (same) 8+3=11
signs, add the value of the numbers. The
sum has the same sign as the numbers added. (-4) + (-5) = -9
This can also be written as:
4-5=-9
« unlike signs: to add numbers with unlike 12 +(-4) =8
(different) signs, subtract the smaller This can also be written as:
number from the larger number. The sum 12-4=8
has the same sign as the larger number.
5+ (-7 =-2
This can also be written as:
5.-7=-2
Subtraction:
« like or unlike signs: to subtract a signed 5-(-2)=5+2=17
number, change the sign of the second
number and add it to the first number. (-8)-1=(-8)+(-1)=-9
Multiplication:
« like signs: multiply the numbers; the product 4.6=24
is positive
(-5) « (-3)=15
« w Jike signs: multiply the numbers; the (-6) s 2=-12
product is negative.
©Industrial Technology Institute, Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 2
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Working with Signed Numbers

]
Division:
« like signs: divide the numbers; the 100 + 4 =25

quotient is positive.
(-10) +(2)=5

« unlike signs: divide the numbers; (-8)+2=+4
the quotient is negative

®Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 3
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Working with Signed Numbers

Practice Problems

Read each problem and solve for the answer. Answers are provided in the back of this workbook.

Some Practice Problems refer to the following information:
o current (I) -- the flow of electrical charge; it is measured in amps (A)
« voltage (V) -- electrical force or pressure; it is measured in volts (v)

« to calculate the voltage (V) between two points, the lower value voltage is subtracted
from the higher value voltage

1. The time (t) required to charge a certain electronic device is t = (-2) « (-3). What is the
time (t)?

2. A circuit is electrical components connected th «AA
together to a power source. The current (I)

in a circuit’s branch is represented by

I= -6 A. What is the current (I)?

+ -
I
1 P
. . . -6 .
3. The current (I) in a circuit’s branch is represented by I = 5 A . What is the current (I?
©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation, 1991 4

38
’ ‘\'E’.,,'"a: =\

il



Working with Signed Numbers
e N ]

4. The voltage (V) at point A is -5 volts (v). The voltage at point B is +3 volts (v). What is
the difference in voltage between points B and A?

5. Voltage at point A is 7 volts (v). Voltage at point B is -5 volts (v). What is the voltage
difference between points A and B?

6. Voltage at point A is 8 volts (v). Voltage at point B is 3 volts (v). What is the voltage
difference between points A and B?

7. Voltage at point A is -2 volts (v). Voltage at point B is -8 volts (v). What is the voltage
difference between points A and B?

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 53
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10.

11.

©Industrial Technology Institute; Wayne County Community College: Great Lakes Division, National Steel Corpuration; 1991

Working with Signed Numbers

Voltage at point A is -3 volts (v). Voltage at point B is 6 volts (v). What is the voltage
difference between points A and B?

A capacitor is a device that stores electrical I L
charge. The current (I) of a capacitor is
represented by I = -20 + (-2) A. What is I? | \

capnac:tor

The temperature increased from -12 °F to 72 °F. What 15 the increase?

The temperature increased from 45 °F to 81 °F. What is the increase?

30



Working with Signed Numbers

12. The temperature dropped from 38 °F to -14 °F. T
What is the drop in temperature? i I
e 0
o .4

13. Calculate: 15 - (-3) + (-2) =

. 14. Calculate: 18- 12 -(-14) =

©lndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1981
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Working with Signed Numbers
. S A
Answers
1. t =(-2)« (-3)

t = 6 seconds

I =-3 amps

4, Point A = -5 and Point B = 3
. 3-(8)=
3+(+b) =

3+5=8v

5. Point A = 7 and Point B = -5
7 -(-8) =
7 +(+5) =

7+5=12v

6. Point A =8 and Point B =3

8-3=5v

I ©Industrial Technology Institute, Wayne County Community College; Great Lakes Dwision, National Steel Curporation; 1991 8
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7.

10.

11.

12,

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation, 1991

Point A = -2 and Point B = -8
-2-(-8)=
-2 + (+8) =

2+8=6v

Point A =-3 and Point B=6
6-(3) =
6+ (+3) =

6+3=9v

I=-20.(2)

I=40A

72 - (-12) =
72 +(+12) =

72 + 12 = 84 degrees

81 - 45 = 36 degrees

38 - (-14) =

38 +(+14) =

38 + 14 = 52 degrees

LY

J

Working with Signed Numbers




Working with Signed Numbers

13, 15-(3)+(-2) =
15 + (+3) +(-2) =
15+3+(-2)=
18 +(-2) =

18-2=16
14. 18-12-(-14) =
18 -12 + (+14) =

18-12+ 14 =

6+ 14 =20

©lIndustrial Technology Institute; Wayne County Communuly College; Great Lakes Division, National Steel Corporation; 1991 10
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o "o | Working
] S‘t‘°°"§§ with
ecuonics o
Decimal
Numbers

Prerequisites:

Workbook users should understand:

« the concept of decimal puint

. the concept of adding, subtracting, multiplying and
dividing

. how to use a calculator for adding, subtracting, multiplying
and dividing

40
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Working with Decimal Numbers

Focus

Working with Decimal Numbers

This lesson reviews how to add, subtract, multiply and divide numbers with decimals.

Job Examples

Job examples of when you will use decimals include:

« selecting resistors

- measuring the length of a part with a specified tool
—]

Example

Key Words
——
Word Explanation
decimal point a dot between the ones place and 3.2, 100.24, .6, 78.1
tenths place in a number
decimal number  a number with a decimal point between 1.3, .5, 24.89, 110.75
the ones place and tenths place o
3
L g
decimal place the postion of a digit in a decimal 28§ 5§ & .¢ §3
4.896.328.97 21
divisor a number being divided into another 1+ .8, .12 J.13, divisoridividend
number
dividend a number being divided by another 1+ .6, .12 |13, divisoridividend
number
sum the result when adding numbers 2+3=.5
difference the result when subtracting numbers 7-6=.1

17

©Industrial Technology Institute; Wayne County Community College, Great Lakes Division, National Steel Corporation, 1991



Working with Decimal Numbers
R S e -

. product the result when multiplying numbers 4+ .3=.12
quotient the result when dividing numbers 8+.2=4

. ©industrial Technology Institute; Wayne County Community College, Great Lakes Division, National Steel Corporation; 1991 2
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Working with Decimal Numbers

Rules for Working with Decimal Numbers

Addition: 3.74 + 32.1
. . . 3.74
1. Line up the decimal points of the numbers +32.]
being added.
2. Add zeros as needed to obtain the same number 374
' +32.10

of decimal places in both numbers (a zero
added to the right of a decimal number
does not change the number’s value)

3.74
3. Add the numbers without regard to the +32.10
3584
decimal point(s).
3.74
4. Carry the decimal point straight down into sum. +32.10
3584
Subtraction: 4.5 - 3.26
. . . 45
1. Line up the decimal points of the numbers -326
being subtracted.
. 4.50
2. Add zeros as needed to obtain the same number 326
of decimal places in both numbers (a zero
added to the right of a decimal number
does not change the number’s value)
4.50
3. Subtract numbers without regard to the =326
124
decimal point(s).
4.50
4. Carry the decimal point straight down into -3.26
124

remainder.

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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Working with Decimal Numbers

Multiplication:

1. Multiply the numbers without regard

to the decimal point(s).
2. Add together the number of decimal places to the

right of the decimal point in each number
being multiplied.

3. In the product, place the decimal point that many

places (total places from step 2) from the right.

Division:
1. Set up problem in division format.

2. Move the decimal point in the divisor all the
way to the right. Count the number of
places the decimal point moves to the right.

3. Move the decimal point in the dividend to the
right the same number of places as divisor
decimal was moved.

4. Move the decimal point in the dividend straight

up to position it in the quotient.

12 .5

12
x.5
60

1.2 = 1 place to right
.5 = 1 place to right
Total = 2 places to right

.60
A— 2 places from right

8.64 + 3.2

32864
32864

b 1 placetoright

32864
w4 1 placetoright

32864

2.7
5. Divide.
32864
©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 4



Working with Decimal Numbers

e

Practice Problems

Read each problem and solve for the answer. Answers are provided in the back of this workbook.

Some Practice Problems refer to the following information:
. resistance (R) -- the ability of a device, material or component to oppose the flow of electric
current; it is measured in ohms (Q)
« current (I) -- the flow of electrical charge; it is measured in amps (A)
« voltage (V) -- electrical force or pressure, it is measured in volts (v)

1. In an electric circuit the total resistance of two components connected in series (end to end)
is the sum of both component resistances. If the first component has a resistance of 2.2 Q
and the second has a resistance of 4.7 Q, what is the total resistance?

2. A particular current I;, is the sum of two

other currents, I, and I,. If], is .68 A and |, Il

is 1.2 A, what is [;?

I3
I2

3. When dry cell batteries are connected as in

the drawing, their voltages add to obtain the 1.5V 1.5V

total voltage. What is the total voltage of the

two dry cells if each has 1.5 volts (V)?
©industrial Technology Institute: Wayne County Community College; Greal Lakes Division, National Steel Corporation; 1991 153



Working with Decimal Numbers

4, In a particular electric circuit, the current (I) is 1.2 A and the resistance (R) 15 4.7 Q. What
is the voltage (V) in the circuitif V=1« R?

5. In electrical components, the current (I) is calculated by dividing the voltage (V) by the
resistance (R). This is writtenas I = % If a particular circuit has a voltage of 1.5 V and

a resistance of 3 Q. What is the current (I)?

. 6. In an electrical component, the current (I) is calculated by dividing the voltage (V) by the
resistance (R). This is written as I = % Calculate I if V=45V and R= 1.5 Q.

7. To calculate the speed (v) of an object, the distance (x) traveled by the object is divided by
the travel time (t) of the object. This is written as v = % If x = 3.5 feet (ft) and

t = .7 seconds (s), calculate v in feet per second.

©industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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Working with Decimal Numbers

8. What is the total volume of lubricating oil from five bottles, when each bottle contains
.75 liters of lubricating oil?

9. Two trucks are carrying steel. One is carrying 17.36 tons of steel and the other is carrying
23.94 tons of steel. What is the total steel load of the two trucks?

10. In a machine shop, a piece of pipe is 1.53 meters long. From this pipe, you want to cut a
piece 1.2 meters long. What length of pipe will remain?

0J

©Industrial Technology Institute; Wayne County Community College; Great Lukes Division, National Steel Corporation; 1991 7



10.

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, Nationa! Steel Corporation, 1991

Answers

1. 2.2
4.1
6.9 Q

2. 1.2

.68

1.88 A

3. 1.5
1.5
30v

4, V=12« 4.7 = 5.64 volts

1.5
1= .54
3
1=4%3 34
1.5

.75 » 5 = 3.75 liters

23.94
17.36
41.30 tons

1.53
-1.2
0.33 meter

Working with Decimal Numbers
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Fractions

Prerequisites:

Workbook users should understand

« the concept of adding, subtracting, multiplying and
dividing
« the concept of fractions
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Working with Fractions

Working with Fractions

Focus

This lesson reviews how to add, subtract, multiply and divide fractions.

Job Examples

Job examples of when you will use fractions include:
« calculating the voltage output of transformers
« calculating the mechanical advantage of various tools
. calculating the current in parallel circuits
+ calculating the voltage in series circuits

Key Words
- —_—%}
Word Explanation Example
fraction two numbers separated by a fraction % —% -g- %
bar; the top number is the numerator,
the bottom number is the denominator.
numerator the top number of a fraction % %. : -:-
. . 32 3% 12
f t' n Ty T Znd o w
denominator the bottom number of a fractio 43 % 6
. . , . 2 5 101 23
proper fraction a fraction with a numerator 59 28 si
(top number) smaller than the
denominator (bottom number)
improper fraction  a fraction representing a number % %. —2‘—3. %
larger than one; the numerator
(top number) is larger than the
denominator (bottom number)
I
©Industrial Technology Institute; Wayne County Communuity College; Great Lakes Division, National Steel Corporation; 1991 1



Working with Fractions

common a denominator (bottom number) that %, %, —:-
denominator is the same in two or more fractions
reciprocal one divided by a number % is the reciprocal of -91-
mixed number a number consisting of a whole 53 %, 8%
number and a fraction
sum the result when adding numbers é + % = %
difference the result when subtracting numbers % - % = %
product the result when multiplying numbers 1,11
25 4 100
quotient the result when dividing numbers 9 .1.3
36 3 4
. —_ — —————————— ———— —_———
©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 2
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Working with Fractions

Rules for Working with Fractions
Addition:

« For Proper and/or Improper Fractions:

1. Change the fractions as necessary to find 1,3.2,.3
5 10 10 10
a common denominator.
2. Add the numerators 726 + % = Tsé
(the denominators do not change).
3. Reduce the result fraction if possible. .1% = .;.
« For Mixed Numbers:
1. Find a common denominator for the fractions. 2% + 5% = 2% + 5%
2. Change the mixed numbers to improper fractions. 2_: + 5% = 14.‘. + 2:2.
3. Add the numerators .14_1 + .243 = %3.
(the denominators do not change).
4. Reduce the result fraction or -332 = 8%

convert it to a mixed number.

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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Subtraction:

« For Proper and/or Improper Fractions:

1. Find a common denominator.

2. Subtract the numerators
(the denominators do not change).

3. Reduce the result fraction or
change it to a mixed number.

+ For Mixed Numbers:

1. Find a common denominator.

2. Change the mixed numbers to improper fractions.

. 3. Subtract the numerators

(the denominators do not change).

4. Reduce the result fraction or

change it to a mixed number.

‘ t){)

©lIndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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7.1.7_4
8 8
7.4_3
8 8 8
3

8

(The result fraction is
already in its lowest
form.)

2 41 4 3
2 _11_-94 _,3
23 2 6 16
04 13_16_9
6 9 6
16 _9%_7
6 6 6
7 1
L |
6 6



Working with Fractions

Multiplication:

+ For Proper and/or Improper Fractions:

1. Multiply the numerators;

multiply the denominators.

2. Reduce the result fraction to its

lowest form.

« For Mixed Numbers:

1. Change the mixed numbers to improper fractions.

2. Multiply the numerators; multiply the denominators.

3. Reduce the result fraction or
change to a mixed number.

(SHORTCUT: If possible, reduce fractions before multiplying.
This way, you work with smaller numbers.)

2,5.10

5 4 2
101

20 2

22,51 =8, 1
3 72 3 2
g, n_88

3 2 6

88 4 2
— =14-=14=
6 6 13

©lndustrial Technology Institute; Wayvne County Community College; Great Lakes Division, National Steel Corporation, 1991
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Division:

« For Proper and/or Improper Fractions:

1. Change the second fraction to its reciprocal;

change the division sign to a multiplication sign.

2. Multiply the numerators; multiply the denominators.

3. Reduce the result fraction or

change to a mixed number.

o For Mixed Numbers:

1. Change mixed numbers to improper fractions.

2. Change the second fraction to its reciprocal

change the division sign to a multiplication sign.

3. Multiply the numerators; multiply the denominators.

4. Reduce the result fraction or

change it to a mixed number.

(SHORTCUT: If possible, reduce fractions before multiplying.
This way, you work with smaller numbers.)

Working with Fractions
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l Working with Fractions

Practice Problems

Read each problem and solve for the answer. Answers are provided in the back of this workbook.

In a machine shop, three sheets of metal are -:- inch, % inch, and —1'1 inch in thickness. What

is the total thickness of these metal sheets when they are placed on top of each other?

2—: gallons of oil for lubricating motors are to be added to 3-% gallons of oil. What will the
total amount of oil be?

You need to solder electrical circuits. If you use i- Ib. of solder from a roll of 1% Ibs., what
would the remaining weight of the roll be?

In a machine shop, you want to cut 2—173 inches in length from a 6 inch length of metal.
What will the length of the remaining piece be?

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 7
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Working with Fractions

5. The area of a rectangle is calculated by L
multiplying its length (L) by its width (W).
What is the area of a rectangle with a length

(L) of % inch and a width (W) of % inch? W W
L
6. What is the area of a rectangle if L = 4% inch and W = % inch?
7. The area of a rectangle is 3% square inch, its width is 1% inch. Calculate its length.

(Hint: length = area + width.)

©Industrial Technology Institute; Wayne County Communit. College, Great Lakes Division, National Steel Corporation; 1991 8
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Working with Fractions

The slope (steepness) of a ramp is calculated
by dividing the rise by the run ramp
(slope = rise + run). Calculate the slope if the rise

rise is 1% ft. and the run is 5-:- ft.

run

In a circuit, current (I) is the flow of electrical charge. Current is measured in amps (A).
If one current (I,) is 1% A, and a second current (I,) is % A, what is the sum of these two
currents?

Two opposing electric currents are I, and I,. I, = 8% Aand], = 2-:- A. Subtract I, from I,.

©lIndustrial Technology Institute, Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 9




Working with Fractions
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Working with Fractions

Area=3.1-3 square inch
4 8 32

4

&

3736 square inches

1. length=3% + 1%=
1_5_:__§=
4 4
15,4,
4 S
& - 3 inches
20

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation, 1931
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Working with Fractions

LAY I
8 8
4 8 _
8 43
1_4_. _l-=
1 43
pL]
43
9. sum=il¢§=
2 4
1-2*}-'—'
@ t
6.3
4 4
9 -9l
4 4
10. I,-L=
3 3
2.93 =
84 8
0_1_
8 8
51 3
22 =62 A
8 8

12

©Industrial Technology Institute; Wayne County Community College. Great Lakes Division, National Steel Corporation; 19¢!
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Prerequisites:

Workbook users should understand:

« the concept of fractions

« how to multiply and divide fractions

« how to reduce fractions

« the concept of decimal numbers

« how to add decimal numbers

. « that a fraction can be represented as a decimal number
. that a decimal number can be represented as a fraction
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How to Convert Fractions and Decimal Numbers
(5

How to Convert Fractions and Decimal Numbers

Focus

This lesson explains how to change a fraction into a decimal number and a decimal number into a
fraction.

Job Examples

Job examples of when you will convert a fraction to a decimal number or a decimal number to a
fraction are:

 selecting resistor values

« measuring the length of a part

Key Words
Word Explanation Example
convert to change to a different form .5 is equal to %
75 .
-2 is equal to .75
100 q to
fraction two numbers separated by a %, -3—, i—;
fraction bar; top number is
numerator, the bottom number
is the denominator.
numerator the top number of a fraction %
denominator the: bottom number of a fraction %
. . . i 19 3
proper fraction a fraction with a numerator 3 550 1
(top number) smaller than the
denominator (bottom number)
©Industrial Technology Institute; Wayne County Community Coilege; Great Lakes Division, National Steel Corporation; 1991 1



How to Convert Fractions and Decimal Numbers
3 6
S 4’ 8 7

a number consist.ng of a whole
1.0, 0.95, 5.33

number and a fraction

mixed number
a number with a decimal point
3.2, 100.24, .6

between the ones place and tenths

decimal number
place
decimal point a dot between the ones place and
tenths place in a number
S
[~
£ o
the position of a digit in a £59. £
decimal number £8358 s
S5 s95
§$§c85¢ cé,"
E &£ ¥sS s
4,896,328

decimal place

©Industrial Technology Institute; Wayne County Community College; Greal
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How to Convert Fractions and Decimal Numbers

How to Convert Fractions to De'.imal Numbers

The goal of converting fractions and decimal numbers is to change the fraction or the decimal
number into a more convenient form for reading, measuring or comparing.

Example 1: A Multimeter is a meter that measures volts (v), amps (A), and ohms ().
A circuit's manual states that the meter should read -% amp (A). The meter

shows readings in decimal numbers. What decimal number should the meter
show to be equal to % A?

1. Write the fraction without the unit. —21-

2. Divide the numerator (top number) by the 0.5
denominator (bottom number). 2]1°0

3. Write the answer from step 2 with the unit. S5 A

The meter should show .5 A.

Sometimes you will need to convert @ mixed number to a decimal number:

Example 2: A circuit's manual states that the Multimeter should read 2% amps (A). The
meter shows readings in decimal numbers. What decimal number should the
meter show to be equal to 2 —é— A?

To convert a mixed number:

1. Set the whole number of the fraction aside 2 is the whole number in
temporarily. 2 % A

2. Write the fraction without the unit. -%

3. Divide the numerator (top number) by the 0.5
denominator (bottom number). 2.0

4. Add the whole number back in. 25

5. Write the answer from step 4 with the unit. 25A

The meter shouid show 2.5 A

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 3



How to Convert Fractions and Decimal Numbers
A

How to Convert Decimal Numbers to Fractions

— e —— e
——e —

Example 1: A blueprint design specifies a clearance of .125 inch. Convert this to
a fraction so that you can measure the clearance with a tape measure.

1. In the decimal number, move the decimal point all 125 = 3 decimal places
the way to the right of the number. Count the number s
of decimal places the decimal moves to the right.

2. Create a fraction (with a denominator of a 3 decimal places = 3 zeros
multiple of 10). The number of zeros in the in denominator
denominator equals the number of places the

. . 125
decimal was moved to the right. Toco

: 125 _ 25 _ 5 _ 1

3. Reduce the fraction. 1565 560 = 36 5
= 2
125 5

Sometimes you will need to convert a decimal number with a whole number to a fraction:

Example 2: A blueprint design specifies a clearance of 5.125 inches. Convert this to a
fraction so that you can measure the clearance with a tape measure.

1. Set the whole number of the fraction 5 is the whole number in
aside temporarily. 5.125

2. In the decimal number, move the decimal .125 = 3 decimal places
point all the way to the right of the number. s

Count the number of decimal places the
decimal moves to the right.

3. Create a fraction (with a denominator of a 3 decimal places = 3 zeros
multiple of 10). The number of zeros in in denominator
the denominator equals the number of places

. . 125
m he right. =<2
the decimal was moved to t gh 600
: 125 _ 25 _ 5 _ 1
4. Reduce the fraction. 500 555 5 5
125= 1
8
5. Add the whole number back in. 5 %
©lindustrial Technology Institute: Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 4
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How to Convert Fractions and Decimal Numbers
@
Practice Problems :

Read each problem and solve for the answers. Answers are provided in the back of this workbook.

1. A resistor is a device that controls the current and/or voltage in a circuit. You need a
resistor that operates at .38 watt (W) or higher. In storage, there are 4 resistors; they

operate at % W, % W and -;- W. Which one will you choose?

2. Milling refers to grinding an object to change or reduce its size. You need to mill a metal
bar to .437" in thickness. Metal bars of %", %", %", %” in thickness are available for
milling. Which size bar should you use? (Hint: the correct bar will not be exact; it will be

. a bit larger than .437).

3. A few mechanical parts are hooked up together in a line. These parts individually measure
5 —;-", 4 %", 2 %", and 6". What is the total length of these parts in a decimal form?

Olndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 59




4. A wave is a shape that repeats periodically. A
period is the time of one wave. A particular

wave has a period of '513 second. Convert this

to a decimal number.

(@]

A wave is a shape that repeats periodically. A
period is the time of one wave. A particular
wave has a period of .01 second. Convert this

How to Convert Fractions and Decimal Numbers

JUUVL

wave

to a fraction. wave
|
|
6. Conductance is the degree to which wires and components conduct electrical current. The
conductance of a particular component is _2}5' Convert this to a decimal number.
©industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 6
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How to Convert Fractions and Decimal Numbers

7. Power, in general, is energy delivered or consumed per second, it is measured in watts (W).

The power of a particular circuit is % watt (W). Convert this to a decimal number.

8. An unmarked drill bit is measured with a caliper. The bit has .125 inch diameter. Standard

bit sizes are represented in fraction form. What bit size (in fraction form) is this?

9. A piece of pipe of 17.375" is needed. The cutting machine cuts exact to the 1/8". Find the
length in fraction form to the nearest %".

10. A machine part was measured with a caliper. The part is 1.75 inches. Convert this to a
fraction.

©Industrial Technology Institute. Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 7
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How to Convert Fractions and Decimal Numbers

11. A conduit is a pipe for encasing electrical wires. A piece of conduit is 12.4 feet long. Convert
this to a fraction.

12. A roll of wire is 1.4 miles long. Convert this to a fraction.

13. Power rating is the highest power at which a device can operate. The power rating of a
particular device is 2.25 watts (W). Convert this to a fraction.

14. A particular battery has 1.5 volts (v). Convert this to a fraction.

©lindustrial Technology Institute; Wayne County Commu ity College; Great Lakes Division, National Steel Corporation. 1991 8




How to Convert Fractions and Decimal Numbers

15. A Multimeter is a meter that measures volts (v), amps (A), and ohms (Q). A particular
Multimeter reads 1.47 A. Change this to a fraction.

16. A fixture needs to be placed 3.75 inches from the wall. Change this to a fraction so that a
tape measure may be used for properly placing the fixture.

©Industrial Technology Institute;, Wayne County Community College; Great Lakes Diwision, National Steel Corporation, 1991 9
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Answers
1 —— 1 - _1_'. - ~
1. 3= 125, vy .25, 5 =0
.125 W and .25 W are lower than the .38 W needed. Therefore,.5 W is the rating you should
chose.
¢ 3 = _3_ = l = _S_ =
2. 2 15, 8 375, 3 .5, and 8 625

375" is too small. .75" and .625" are too large. .5" is the one closest to the size you need
(.457"), being just a bit larger. Therefore, .5" is the thickness to use.

5.125 + 4375 + 2.5 + 6 = 18"

1 2
4, — = _%_ =02 second
50 100
5 F=.01
F= = - second
01 150
6 Conductance = -~ = —— =.05
20 100
3 75
7 2 =2 ="T5W
4 100
©/ndustrial Technology Institute: Wayne County Community College: Great Lakes Division, National Steel Corporation; 1991 10



8.

10.

11.

©Industrial Technolugy Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991

= [} 16 = .._2_ = _1_
125 =.125 6 € " B

-

The bit size is -;- inch.

17.375

Set the whole n'...nber (17) aside.

1000 40 @

Add the whole number (17) back in.

The length is 17 %

1.75

Set the whole number (1) aside.

= -’?—é— =
15 56

olw

Add the whole number (1) back in.

The measurement is 1 % inches.

12.4 feet

Set the whole number (12) aside.

= 4 =2
-4 10 5

Add the whole number (12) back in.

The conduct is 12-25- feet long.

How to Convert Fractions and Decimal Numbers
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12.

13.

14.

©Industrial Technology Institute; Wayne County Communily College; Great Lakes Division, National Steel Corporation; 1991

25 = 23 =

1.4 miles

Set the whole number (1) aside.

4=2 =
10

uijeo

Add the whole number (1) back in.

The wire is 1-% miles long.

225 W

Set the whole number (2) aside.

F =

2
100

Add the whole number (2) back in.

The power rating is 2% W.

1.5V

Set the whole number (1) aside.

s
10

S =

N1

Add the whole number back in.

The battery has 1 -;- v.

How to Convert Fractions and Decimal Numbers
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How to Convert Fractions and Decimal Numbers

15. 147 A

Set whole number (1) aside.

- 47
47 06

Add whole number back in.

47
The meter reads 1 166 A.

16. 3.75 inches

Set whole number (3) aside.

15 60

olw

Add whole number back in.

. The measurement is 3 % inches.

Olndustrial Technolugy Institute; Wayne County Community Cri »ge; Great Lakes Division, National Steel Corporatior, 1991

&3

1




o "u| Working
) S‘t""’e_?ﬁ with
ectronics

Percents

Prerequisites:

Workbook users should understand:

. how to use a calculator for adding, subtracting,
multiplying and dividing

« the concept of fractions

« the concept of decimal numbers

« how to convert fractions and decimal numbers
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Working with Percents
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Working with Percents

Focus

This lesson reviews how to work with percents by identifying the part, percent and whole in percent
problems.

Job Examples

Job examples of when you will work with percents include:

« calculating the tolerance of resistors
. calculating the maximum voltage allowed for a capacitor

Key Words
Word Explanation Example
fraction two numbers separated by a fraction 3l -:— 1_36
. bar the top number is the numerator,
the bottom number is the denominator.
proper a fraction with a numerator (top number) 27 8
5, 100, 100
fraction . smaller than the denominator (bottom
number)
part a portion of - whole; can be represented % = 7 parts of 8
by a numerator (top number) in a proper
fraction
. . . 70
percent a fraction with a denominator (bottom 0% = Too
- 120
number) of 100; % is the symbol for 120% = 100
percen:
whole the total number of parts 20%, 30% and 50% = 100%
100% is the whole
©lIndustrial Technology Institute, Wayne County Community College, Great Lakes Diuvision, National Steel Corporation; 1991 1




Working with Percents

Rules for Workin;* with Percents

Every percent problem has information that identifies a part, percent, and/or whole.
Use the information given in the problem to find the information you need.

part = percent ¢ whole

To Find the Part:

1. Identify the percent; change the

percent to a decimal.
2. ldentify the whole.

3. Multiply the decimal value of the
percent and whole.

To Find the Percent:
1. Identify the part.

2. Identify the whole.

3. Divide the part by the whole and
multiply by 100.

4. Add a percent sign to the resulting
answers.

To F:i.d the Whole:

1. Identify the part.

2. ldentify the percent.

3. Divide the part by the decimal
of the percent.

percent = P . 100
whol

whole = pert
percent

A roll of cable is 200 1bs.
How many pounds are 80% of the roll?

percent = 80 = 80 . 8

100

whole = 200 lbs.
percent * whole =.8 * 200 = 160 lbs.
80% of 200 = 160 lbs.

A roll of cable in 200 1bs.
160 1bs. is what percent of 200?

part = 160 lbs.

whole = 200

part 100 = 169, 100 =80
whole 200

80%
160 is 80% of 200

160 1bs. is 80% of a roll of cable.
How many pounds is the roll?¢

part = 160 lbs.

percent = 80% or .3

ﬂ—:l@: M:zooxbs_
percont 8 8

160 lbs. is 80% of 200 lbs.

©Industrial Technoiogy Institute; Wayne County Communuty College: Greal Lakes Division, National Steel Corporation, 1991 2
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Working with Percents
®

Practice Problems

Read each problem and solve for the answer. Answers are provided in the back of this workbook.

1. A capac‘tor is a device that stores electrical ‘ (
charge and releases it upon demand. A
certain capacitor can be charged to 10 volts | \
maximum. [t is presently charged to 60% of
its capacity. What is the present voltage of : capacitor

the capacitor? (Hint: find the part.)

2. An electric motor is rotating at a speed of 900 rpm (revolutions per minv’ .). This speed is
. 50% of the motor's maximum speed. What is the maximum speed?
3. Current is the flow of electrical charge. Current is measured in arups (A). The current in
a particular circuit is 3 A, which is 60% of its original value. What was the original value?
Oindustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation, 1991 3
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Working with Percents

4, A 200 gallon container of lubricating oil is 75% full. How much oil is in the container?

5. In a shipment of 8000 electronic parts, 400 parts are expected to fail within 1000 hours of
operation. What percent of the parts are expected to fail?

6. A particular electric motor is receiving 2000 watts (W) of electrical power. 170G watts (W)
are converted to mechanical energy; the remaining watts (W) are converted to heat. What
is the percentage of power converted to mechanical energy?

7. A particular electric motor is receiving 2000 watts (W) of electrical power. Nine percent of
this electrical power is converted to heat. How much power is converted to heat?

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steei Corporatiw:; 1991
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Working with Percents

8. A capacitor is a device that stores electrical ‘ [
charge. A particular capacitor is presently
charged to 15 volts (v); this is 76% of the ‘ \
capacitor's maximum capacity. What is the tor
maximuw.a capacity of this capacitor? capacito
9. A 50 gallon tank of oil is filled to 60% of its capacity. How much oil is in the tank?
©/ndusirial Technology Institute, Wayne County Community College; Great Lakes Division, Natiwnal Steel Corporation; 19%1 51



Working with Percents

Answers
1. percent = 60% or .6
whole = 10

.6 + 10 = 6 volts

2. part = 900
percent = 50% or .5
900 _ 90,000
= ) =1 0
5 - s 1800rpm
3. part = 3
percent = 60% or .6
3.30_54
6 6
4. percent = 75% or .75
whole = 200

.75 « 200 = 150 gallons

5. part = 400

whole = 8000

40, 100 = 5%

6. part = 1700

whole = 2000

1700 | 100 = 85%
1. percent = 9% or - 09

whole = 2000

.09 . 2000 = 180 W

©Industrial Technology Institute, Wayne County Community College, Great Lakes Division, Nalional Steel Corporation, 1991

part = 15
percent = 75% or .75

15100 gy

75 75

percent = 60% or .6
whole = 50

.6 « 50 = 30 gallons
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« how to convert fractions and decimal numbers
« the concept of percents

« how to reduce fractions
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How to Convert Fractions and Percents
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H. to Convert Fractions and Percents

Focus

This lesson reviews how to change a fraction to a percent and how to change a percent to a fraction.

Job Examples

Job examples of when you will convert fractions and percents include:
« selecting resistor values
. measuring the length of a part with a specified tolerance

Key Words
—— —_—____——ﬁ
Word Explanation Exambple
fraction two numbers separated by a fraction bar; 51— ::— -1—:—6
the top number is the numerator, the bottom
number is the denominator
decimal number a number with a decimal point between the 1.3, .5, 24.89, 110.75
ones place aad tenths place
decimal point a dot between the ones place and tenths 3.2, 100.24, .6, 78.1
place in a number
percent a fraction with a denominator of 100; % is the 70% = —1%%
o _ 120
symbol for percent 120% = —
100
©Industrial Technology Institute; Wayne County Community Collegs; Great Lakes Division, National Steel Corpuration, 1991 1
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How to Convert Fractions and Percents
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How to Convert Fractions to Percents

The goal of converting a fraction to a percent is to change the fraction into a more convenient form
for reading, measuring or comparing.

e —

—— e —— L' e

Example:  The efficiency of a transformer is calculated by its power output divided by
its power input. A specific transformer has a power input of 5 Kilowatts.
Its power output is 4 Kilowutts. You need to know the transformer’s per-
centage of efficiency.

|

1. Change the fraction to a decimal number. % = .8

2. Multiply decimal number from step 1 by 100%. 8
(Do this by moving the decimal point 8« 100%
two places tc the right and adding a 80. or 80%
percent sign)

How to Convert Percents to Fractions

et ———— e

Example: A piece of metal is one inch thick. You need to reduce the thickness of the
metal to 75% of its present thickness. You want to convert the percent to a

fraction in order to measure the thickness of the metal with a tape measure.

1. Remove the percent sign and divide by 100. 75%
iR
100

2, Reduce the fraction if necessary. s .3
100 4

The reduced metal thickness

. 3.
is = inch.
4
©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation, 1991 2
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How to Convert Fractions and Percents

{5

Practice Problems

Read each problem and solve for the answer. Answers are provided in the back of this workbook.

—

Efficiency is calculated by ngyﬂ » 100%. An electric motor receives 800 watts (W)
power input

of electric power and produces 600 watts (W) of mechanical power (200 W are wasted).

Calculate the efficiency (mechanical power produced). This is represented as %g— + 100%.

2. Some electronic devices have voltage ratings. For safe operation, the actual voltage of an
electronic device should be no more than 80% of its voltage rating.

A particular electronic device has a voltage rating of 30 volts (v). When this device was

turned on, its voltage was 21 volts (v). You need to represent the 21 v as a percentage to see
if the device is operating at a safe level.

3. Two motors together consume 1500 watts (W) of power. The first motor consumes 600 W

and the second motor consumes 200 W. What is the percentage of power cunsumed by each
motor?

©Industrial Technoiogy Institute; Wayne County Communuty College: Great Lakes Division, National Steel Corporation, 1994 3
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How to Convert Fractions and Percents

4, You are periodically monitoring the resistance of wire insulation in a motor. The resistance
has dropped from 5 Megaohms (MQ) to 3 Megaohms (MQ). What is the percentage that the

resistance dropped? This is calculated by _difference | 100%.

original value

5, Ten pumps are used for a certain pumping op=ration. However, you now need to reduce the
pumping to 60% of its original value. How many pumps (in fraction form) will remain in
operation?

difference
original value
was increased from 180 units a day to 200 units a day. What is the percent increase in this
machine’s units?

6. Percent increase is calculated by « 100%. The production of a certain machine

©lndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation, 1991 4
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How to Convert Fractions and Percents

A certain machine, at full capacity, holds one gallon of lubrication oil. You need to fill the
machine with oil to 75% of its capacity. How many gallons of oil (in fraction form) will you
add to the inachine?

difference

igi ue
value of 1000 ohms (). It was measured at 1100 ohms (Q). What is the % error?
(Hint: the manufactured value is the original value.)

Percent (%) error is calculated by « 100%. A resistance has a manufactured

Percent (%) efficiency is 9&?—? « 100%. What is the % efficiency of a pump receiving (input)
u

2000 watts (W) of electrical power and producing (output) 1700 watts (W) in mechanical
power?

©industrial Technology Institute; Wayne County Community College; Great Lahkes Division, National Steel Corporation; 1991 o

48



At S A S S it

How to Convert Fractions and Percents

Answers
1. 600 6 _ -5
800 8

75 » 100% = 756%

3. 1st motor: 600 = S . % = 4

100 15

4 + 100% = 40%

2nd motor: 00 9 .3, .6
1500 1S 5

6+ 100% = 60%

4, drop = 5 MQ - 3 MQ = 2 MQ

(V. RE &)
i
NS

4 « 100% = 40%

5. 60%0 = ©
100

—19- or six out of ten pumps are needed

©Industrial Technology Institute, Wayne County Community College, Great Lakes Division, National Steel Corperation; 1991 6
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difference = 200 - 180 = 20

20 2 _

1 _
180 18 9

11« 100% = 11%

.85 « 100% = 85 %

=.11

Ay A SR Sy s £ e S

How to Convert Fractions and Percents
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for
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in
Electronics

Practice
Calculations
with

Fractions,
Decimal Numbers
ond Percents

Prerequisites:

Workbook users should understand how to:
o convert fractions and decimal numbers
« convert fractions and percents

« convert decimal numbers and percents
« solve linear equations

« use order of operations
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Practice Talculations with Fractions, Decimals
and Percents

Focus

This lesson presents practice problems for calculating trhe unknown value in equations with
fractions, decimals and percents.

Job Examples

Job examples of when you will calculate equations with fractions, decimals and percents include:
+ selecting resistor values
« measuring the length of a part with a specified tolerance

Keyv Words
Yo Explanation Example
. equality two mathematical quantities 2+.3=.5
separated by an equal sign (=),
the equal sign means the two % + % = %
quantities are equal
equation an equality with numbers and a+b=c¢
unknown values 3+5=8
fraction two numbers separated by a % or % or -321
fraction bar; tl e top number (s
the numerator, the bottom
number is the denominator
numerator the top number of a fraction —;
denominator the bottom number of a fraction %
©lndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 1
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Practice Calculations with Fractions, Decimal Numbers and Percents

reciprocal one divided by a number

decimal number a number with a decimal point
between the ones place and
tenths place

percent a fraction with a denominator

(bottom number) of 100; % is the
symbeol for percent

unknown value a letter in an equation with a
value that is not stated

1
9

1.0 or 0.95 or 5.33

= 10
70% 50
7. Xx= 20
10 5 10
é.é:l
Z 6 3
_§+_y..+.§=_];..§
7 3 2 2 3

©Industrial Technology Institute; Wayne County Community College, Great Lakes Division, National Steel Corporation; 1991
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Practice Coleulations with Fractions, Decimal Numbers and Percents
®
Practice Problems
Read each problem and solve for the answer. Answers are provided in the back of this workbook.
1. Resistance (R) is the ability of a device, material or component to oppose the flow of electric

current. Resistance is measured in ohms (). A resistor is a component that controls the
flow of current and/or voltage in a circuit. In a particular situation, the total resistance (Ry)

of two resistors (R, and R,) is given by R; = —f—l——l— Calculate R; if R, is 8Q and
— -
1 2
R, is 4Q.
2. Conductance is the degree to which wires and other components conduct electrical current.

Resistance is the ability of a device, material or component to oppose the flow of electric
current. The conductance and resistance of wires vary with the temperature. In a particular
situation, the temperature is normally given in Celgius (C) but is sometimes needed in

Fahrenheit (F). Convert 23 °C to °F using the formula °F = % °C + 32.

©lIndustrial Technology Institute; Wayne County Communuty College: Great Lakes Division, National Steel Corporation; 1991 3
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Practice Calculations with Fractions, Decimal Numbers and Percents

3. Changing Fahrenheit (°F) to Celsius (°C) is done by using the formula °C = (°F - 32) « -;’-
Convert 68°F to °C.

4. Mechanical Advantage (MA) is a term that — D,

describes how much easier a job will be due )|<
to using a specific tool. For a bolt cutter,
the Mechanical Advantage is calculated with -

. the formula MA = -gl In this formula, D,

2
and D, refer to the two lengths of the bolt
cutter. What is the Mechanical Advantage
(MA) when D, is 25 inches and D, is
1.25 inches?

I ©Industrial Technology institute; Wayne County Community College, Great Lakes Division, National Steel Corporation; 1991 4
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Practice Calculations with Fractions, Decimal Numbers and Percents

5. What is the Mechanical Advantage (MA) when D, is .45 yards and D, is .05 yards?

6. Resistance (R) is the ability of a device, material or component to oppose the flow of electric
current. The resistance (R) of a particular device is given by R = 2000 + .05 + (2000). What
is the resistance (R)?

1. The force (F) in pounds (lbs.) pushing a vehicle downhill is given by F = 1000 - .3 (1000).
What is the force (F)?

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation, 1991 53
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Practice Calculations with Fractions, Decimal Numbers and Percents
@
8. Power (P), in general, is energy delivered or consumed per second. Power is measured in

watts (W). The power (P) of a particular system is given by P = 85% (.5). What is the
power (P) in decimal number form?

9. Resistance (R) is the ability of a device, material or component to oppose the flow of electric
current. Resistance is measured in ohms (£2). The resistance (R) of a circuit is given by

R= _‘?z What is the resistance (R)?

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corpuration; 1991
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Practice Calculations with Fractions, Decimal Numbers and Percents

= 1_1T where R, = 8Q and R, = 4Q

_ 1
Ry = .125 + .25

- 1
Re 375

R, = 2.66Q

°F = -9§-°C+32where°C=23

°F=%-23+32

°F = 1.8+ 23 + 32
°F =414 + 32

°=173.4

°C = (°F = -32) » g where °F = 68

°C=<68-32)-_g

C=36. 5
C =36 5
o — 180
€=
°C =20

©industrial Technology Institute; Wayne County Community College; Great Lahkes Division, National Steel Corporation, 1991



Practice Calculations with Fractions, Decimal Numbers and Percents

4  MA-= _gl where D, = 25 and D, = 1.25

MA = 25
1.25
_ 2,500
MA 125
MA = 500
: 5
MA =20
5. MA = 2t where D, =.45and D, = .05
2
MA = 43
0
MA = 43
. 5

6. R = 2,000 + .05 - (2,000)
R = 2,000 + 100

R =2,100 Q
1. F = 1,000 - .3 « (1,000)

F = 1,000 - 300

F =700 lbs.

©Industrial Technology Institute; Wayne Counly Community College; Great Lakes Division, National Steel Corporation; 1991
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Practice Calculations with Fractions, Decimal Numbers and Percents

8. P =85% ¢ (.5)

-85, 5

P 100 10
_ 425

P 1,000

P=.425W
-8

9 R =

- 80

R 4

R=20Q

©Industrial Technology Institute; Wayne County Communtty College; Greal Lakes Diunsion, National Steel Corporation; 1991
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Prerequisites:

Workbook users should understand:
« the concept of decimal numbers
« the concept of base numbers and exponents
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Working with Scientific Notation

Working with Scientific Notation

Focus

This lesson reviews how to convert a number in ordinary notation to scientific notation and how to
convert a number in scientific notation to ordinary notation.

Job Examples

Job examples of when you will use scientific notation include:
. measuring electrical power in Megawatts (MW)
.+ measuring electrical current in microamp (pA)
. measuring insulation resistance in Megaohm (MQ)

Key Words
Word Explanation Example
ordinary a decimal number; a number with a 7.5, 30, -.004
. notation decimal point between the ones place

and tenths place; when there are no
numbers to the right of the decimal
point, the decimal point is usually
not written

exponent a number that tells how many times a 10% = 10 10 10
certain other number is multiplied by 3 is the exponent
itself

base a number with an exponent 8¢

8 is the base

power of 10 the number 10 with an exponent 107, 10%, 10*!

scientific a way to represent a number; a number 823,000 = 8.23 . 1_05

notation number written in scientific notation .0000009 = 9 « 10"
is a number (between 1 and 10)
multiplied by 10 raised to a specific
exponent

L _————_——__—-
I ©Industrial Technology Institute; Wayne County Communuty College; Great Lakes Division, National Steel Corporation; 1991 1

1141




Working with Scientific Notation

@ -

Rules for Working with Scientific Notation

Converting Ordinary Notation to Scientific Notation

« Numbers greater than one

1. Identify the first nonzero number (reading 7.530000.

left to right) and place a caret (*) to
the right of it.

. Count the number of places between the

caret and the decimal point.

. The number of places identified in Step 2

becomes the exponent of base 10.

. Place a decimal where the caret is; remove

the zeros from the number.

. Multiply the value obtained in Step 4 by

the base 10 number obtained in Step 3.

+ Numbers less than one

1. Identify the first nonzero number (reading

left to right) and place a caret (") to
the right of it.

. Count the number of places between the

caret and the decimal point.

. The number of places identified in Step 2

becomes the negative exponent of
base 10.

. Place a decimal where the caret is; remove

the zeros from the number.

. Multiply the value obtained in Step 4 by

the base 10 number obtained in Step 3.

7.530000. (6 places to right)
—_—

10° (note: the exponent is
positive)

7.53

7.53 « 10°

.0000005,2

.0000005,2 (7 places to left)

107 (note: the exponent is
negative)

5.2

52+ 107

Olndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 2



Converting Scientific Notation to Ordinary Notation

« Positive exponents
1. Identify the exponent value
2. Mcve the decimal point to the right as

many places as the exponent value
(add zeros as needed)

« Negative exponents
1. Identify the exponent value
2. Move the decimal point to the left as

many places as the exponent value
(add zeros as needed)

Working with Scientific Notation

5.4 « 10*

5.4000 (4 places to right)
— 4
54000.

54,000

9 « 10° (exponent value is -5)

00009. (5 places to left)
A

.00009

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 3
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Working with Scientific Notation
Practice Problems

Read each problem and solve for the answer. Answers are provided in the back of this workbook.

A particular electrical motor has a speed of 1800 revolutions per minute (rpm). What is this
number in scientific notation?

Radio waves travel at the speed of light of 300,000,000 meters per second (m/s). What is this
number in scientific notation?

3. The number 6,250,000,000,000,000,000 is used often in electronics. This number is called
a coulomb (C). A coulomb (C) represents the number of electrons moving together across a

point in one second to create an electric current of one amp (A). An amp is the unit by which
current is measured. What is coulomb in scientific notation?

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation, 1991 4
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Working with Scientific Notation

4, In physics, the attractional torce between the moon and the earth is calculated with three
values. These three values are the:

« mass of the earth (M,) = 5,980,000,000,000,000,000,000,000 Kilograms (Kg)
« mass of the moon (M,) = 73,£00,000,000,000,000,000,000 Kilograms (Kg)
« moon’s distance from the earth (d) = 380,000 kilometers (Km)

a. What is the mass of the earth (M,) in scientific notation?

. b. What is the mass of the moon (M,,) in scientific notation?

c. What is the moon’s distance from the earth (d) in scientific notation?

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 5
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Working with Scientific Notation

5. In physics, the speed of light is 1.86 + 10° miles per second (mi/s). What is this number in
ordinary notation?

6. In physics, the speed of light is 3 « 10° meters per second (m/s). What is this number in
ordinary notation?

. 7. Resistance (R) is the ability of a device, material or component to oppose the flow of electric

current. The resistance (R) of a particular copper wire is
1.723 « 10° ohms per centimeters ((Ycm). What is this number in ordinary notation?

8. A certain electronic component has a current (I) of .000008 amp (A). What is this number
in scientific notation?

(o 119
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Working with Scientific Notation

Answers

1. 1800 = 1.8 » 10° rpm
2. 3,000,000,000 = 3 + 10° m/s
3. 6,250,000,000,000,000,000 = 6.25 + 10

4. a. M, = 5,980,000,000,000,000,000,000,000 = 5.98 « 10** Kg
b. M, = 73,500,000,000,000,000,000,000 = 7.35 » 10°* Kg

c. d =380,000 =3.8 » 10°Km
5. 1.86 + 10° = 186,000 mi/s
6. 3 « 10° = 300,000,000 m/s
7. 1.723 » 10 = .000001723 Q/cm

8. 8x 10°A

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation,; 1991 7
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Prerequisites:

Workbook users should understand:

« the concept of decimal numbers

« the concept of base numbers and exponents
« how to work with scientific notation
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How to Add and Subtract Powers of Ten

Focus

This lesson explains how to add and subtract powers of ten.

Job Example

A job example of when you will add and subtract powers of ten is calculating the resistance and
current of an electrical circuit.

Key Words
Word Explanation Example )
decimal number a number with a decimal point 7.5, 30, -.004 i
between the ones place and tenths
place
exponent a number that tells how many 10°=10. 10 - 10
times a certain other number is 3 is the exponent

multiplied by itself

base a number with an exponent 8!
8 is the base

" power of 10 the number 10 with an exponent 107, 10°%, 10%
scientific a way to represent a number; a 823,000 = 8.23 « 10°
notation number written in scientific .0000009 =9 « 10"

notation is a number
(betweer. 1 and 10) multiplied by
10 raised to a specific exponent

-

Olndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 1
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How to Add and Subtract Powers of Ten

How to Add Powers of Ten

Example 1: A resistor is a component that controls the flow of current and/or voltage in a
circuit. Two resistors (R, and R,) are connected in series (end to end). Their
resistance values can be added to find the total resistance of the circuit.

Resistance is measured in ohms (2). You need to know the total resistance
when R, is 2.2 + 10°Q and R, is 680 « 10° Q.

1. Eliminate the powers of ten. 2.2+ 10°Q + 680« 10°Q
2,200,000 Q + 680,000

2. Add 2,200,000 Q
+ 680,000 @

2,880,000 Q

The total resistance is 2,880,000 Q.

Example 2: Current (I) is the flow of electrical charge. Current is measured in amps (A).
You want to add the values of two currents (I, and I,) to find the total current
in a circuit. If I, is 3.4 » 10° Aand I, is 950 » 10°° A, what is the total current?

1. Eliminate powers of ten. 34+ 10°A+950+ 10°A
.0034 A +.00095 A

2. Add 0034 A
+.00095 A

00435 A

The total current is .00435 A.

®Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 2
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How to Subtract Powers of Ten

How to Add and Subtract Powers of Ten

Example 1: Resistance is the ability of a device, material or component to oppose the flow
of electric current. Resistance is measured in ohms (Q). The resistance of a

device dropped due to temperature changes. The original resistance was
1.2 + 10° Q. The present resistance is 4.6 » 10’Q. You need to find out how
much the resistance dropped.

1. Eliminate powers of ten.

2. Subtract

1.2+ 10°Q-46.10'Q
120,000 2 - 46,000 Q

120,000 Q2
- 46,000 Q

74,000 Q

The resistance dropped 74,000 €.

Example 2: Two devices in an electrical circuit together consumed a total power of

1.6 » 10 watts (W). One device consumed 9.5 + 10° W. You need to calculate
the power (in watts) consumed by the second device.

1. Eliminate powers of ten 1.6+ 102 W-95+ 10°W
016 W - .0095 W
2. Subtract 0160 W
(Note: extra zeros can be added - .0095 W
to the right of the number if
needed.) 0065 W
The second device consumed .0065 W.
©Industrial Technology Institute; Wayne County Community Cullege, Grea: Lakes Division, National Steel Corporation: 1991 3
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How to Add and Subtract Powers of Ten

G

Practice Problems

Read each problem and solve for the answer. Answers are provided in the back of this workbook.

Some Practice Problems refer to the following information:
« resistance(R) -- the ability of a device, material or component to oppose the flow of
electrical current; it is measured in ohms (Q)
« current (1) -- the flow of electrical charge; it is measured in amps (A)
« capacitor -- a device that stores electricity; a capacitor’s capacitance (storing capacity) is
measured in Farad (F)
« When two components are connected in series (end to end) their resistances are added.

1. What 'is tbe tot_al resjstance of two comgonents 2« 10°0) 6. 10° Q
in series if their resistances are 2 « 10° Q and
6 « 10° Q? (Hint: add the two resistance — MWWENMNN——o0
values)
2. What is the total resistance of two components 4. 10°Q 9. 10°Q
in series if their resistances are 4 « 10° Q and =
2« 10° Q? (Hint: add the two resistance *‘—'\NW\/’WW_.
vulues)
3. In this drawing the current (I) can be B I
calculated by adding the values of current I, | >
and current I, What is the value of current I -
if[,is3+ 10°Aand I,is 8 + 10* A? I —>
Iz —>
©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation: 1991 4
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How to Add and Subtract Powers of Ten

4. In this drawing, the value of current I, can be
calculated by subtracting the values of current 1 e
I, from current I. What is the value of current
[ iflis5« 10° Aand I, is 30 « 10° A? I —>

5. The capacitance values of two capacitors |

(C, and C,) can be added together to get a i

total capacitance. If C, is 47 » 10° F and
C, is 6 + 10°F, what is the total capacitance? | (
\

[
6. The capacitance values of two capacitors | v

(C, and C,) can be added together to get a
total capacitance. If C,is 22 « 10° F and I

C,is 6 « 10 F, what is the total capacitance? |

.-Jl

When two forces F, and F, are applied to the
same object from the same direction, they add
together. What is the resulting force of 1 2
F, + F,if F, if 4 « 10° lbs. and
F,is 9 « 10%1bs.?

©Industrial Technology [nstitute; Wayne County Communily College; Great Lakes Division, National Steel Corporation; 1951 51
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How to Add and Subtract Powers of Ten

8. When two forces F, and F, are applied to the
same object from opposite directions, they
subtract. What is the resulting force of F, - F, !
if F, is 8 + 10° lbs. and F, is 45 « 10? lbs.?

n

9. When two electrical components are connected _.D_._{:]_

in series (end to end) their voltages add .
tog<ther. What is the total voltage of two components conrected ir seres

components in series if their voltages are
2 « 10? volts (v) and 4 « 10° volts (v)?

10. Power (P), in general, is electrical energy delivered cr consumed per second. Power (P) is
measured in watts (W). A particular electrical circuit contains three devices. The total
electrical power consumed by this circuit is calculated by adding the electrical power
consumed by each of the three devices. What is the total power consumed by the circuit if
the three devices consumed 4 » 102 W, 25« 10° W, and 8 « 10° W?

©Industrial Technology Institute; Wayne County Community College; Great Lakes Diuision, National Steel Corporation, 1991 6
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Answers

How to Add and Subtract Powers of Ten

1. 2. 10°+6 . 10°

2 + 1,000,000 + 6 » 100,000 =

2,000,000 + 600,000 =

2,600,000 Q

2. 4+10°+2+10°=

4 +100+ 2+ 1000 =

400 + 2000 =

2,400 Q

3. 3:10°+8+10%=

.003 + .08 =

083 A

4. I,=5+10%-30.10%=

.06 -.03 =

02A

5. 474+ 10°F +6 » 10°F =

.000047 F +.000006 F =

000053 F

©Industrial Technology Institute;

Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 7
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6. 22 « 10°F+6. 10°F =
000000022 F + .000000006 F =

.000000028 F

7. F,+F,=
4+10°+9.10°=
4,000 + 900 =

4,900 lbs.

8. Fl - Fz =
8. 10°-45. 10% =
8000 - 4500 =

3,500 lbs.

9. 2.102+4+10°=
200 + 4000 =

4,200 v

10. 4.102+25.10%+8.10°%=
.04 +.025 + .008 =

073 W

©Industrial Technology Institute; Wayne County Community College; Great Lakes Diuision, National Steel Corporation; 1991
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Prerequisites:

Workbook users should understand:

« the concept of decimal numbers

« the concept of base numbers and exponents
« the concept of scientific notation

. how to add and subtract signed numbers
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How to Multiply and Divide Powers of Ten

How to Multiply and Divide Powers of Ten
Focus

This lesson explains how to multiply and divide powers of ten.

Job Examples

Job examples of when you will multiply and divide powers of ten include calculating
« current of electrical components
« voltage of electrical devices
« resistance of circuits

Key Words
Word Explanation Example
decimal number a number with a decimal point 7.5, 30, -.004
between the ones and tenths place
l exponent a number that tells how many times 10°=10. 10+ 10
a certain other number is multiplied by 3 is the exponent
itself
base a number with an exponent 8!
8 is the base
power of 10 the number 10 with an exponent 107, 10°%, 10%
scientific a way to represent a number; a 823,000 = 8.23 « 1_05
notation number written in scientific .0000009 =9 « 10°
notation is a number (between
1 and 10) multiplied by 10
raised to a specific exponent |

©Industrial Technology Institute; Wayne County Cammunity College; Great Lakes Division, National Steel Corporation; 1991
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How to Multiply Powers of Ten

Example: Current (1) is the flow of electrical charge. Resistance is the ability of a
device, material or component to oppose the flow of current and/or
voltage. Resistance (R) is measured in ohms (Q). In an electrical circuit, the
voltage (V) can be calculated by multiplying its resistance by its current. You
need to find the voltage (V) of a circuit with a resistance (R) of 6.8 + 10* Q
and a current (I) of 2.2 « 10% Q.

—_—]

1.  Rearrange the problem to place decimal 6.8+ 10« 2.2+ 10?
numbers together and power of ten 68+ 22+ 10", 10°
numbers together.

2. Multiply the decimal numbers together. 6.8+ 22+ 10+ 10?
14.96 + 10* » 10?

3. Combine power of ten numbers by adding 14.96 + 10* « 102
the exponents. 14.96 » 10*2
14.96 « 10°

The voltage of the circuit is
14.96 + 10° volts.

©Industrial Technology Institute; Wayne County Community College. Great Lakes Division, National Steel Corporation, 1991
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How to Divide Powers of Ten

Example: The voltage (V) of an electric circuit (measured in volts) can be calculated by
dividing its power (P) (measured in watts) by its current (I) (measured in amps).
You need to find the voltage of a circuit that has a power (P) of 12 + 10? watts
and a current (I) of 3 « 10" amps.

|

-2
1. Write the problem in fraction format. 12 » 107
3¢10°

-2 -2

2. Separate the decimal number fraction from 12107 12, 107

3107 3 1073
the power of ten fraction.

-2
3. In the power of ten fraction, change the sign —132—°110%
[ ]
of the power of ten number in the denominator
(bottom number) and multiply it with the 152- ¢ 1072 « 10°
power of ten in the numerator.
_1_2. ¢ 10723
3
1_2. e 10
3
4, Divide the decimal fraction 152— * 10
4«10

The voltage of the circuit is 4 + 10 volts.

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 3
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How to Multiply and Divide Powers of Ten

Practice Problems

Read each problem and solve for the answer. Answers are provided in the back of this workbook.

Some Practice Problems refer to the following information:
« current (I) -- the flow of electrical charge; it is measured in amps (A)
+ voltage (V) -- electrical force or pressure; it is measured in volts (v)
« resistance (R) -- the ability of a device, material or component to oppose the flow of
electric current; it is measured in ohms (Q)
« power (P) -- in general, energy delivered or consumed per second; it is measured in
watts (W)

1. The current (I) of an electrical component can be calculated by dividing the component'’s
voltage (V) by its resistance (R). What is the current (I) of a component if the voltage (V) is
1.1 + 10° volts and resistance (R) is 22 « 10° Q?

2. The current (I) of an electrical component can be calculated by dividing the component’s
voltage (V) by its resistance (R). What is the current (I) of an electrical component if the
component’s voltage (V) is 9 volts and its resistance (R) is 45 « 10° Q?

Oindustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 4
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e

3. The voltage (V) of an electrical device can be calculated by multiplying the device’s current

(I) and resistance (R). What is the voltage of an electrical device if its current (I) is 2 « 10°A
and resistance (R) is 5 « 10° Q?

4, The power (P) of an electrical component can be calculated by multiplying the component’s

voltage (V) and current (I). What is the power (P) of a component if its voltage (V) is 25 volts
and its current (I) is 8 « 10°A?

5. The power (P) of an electrical component can be calculated by multiplying the component’s
voltage (V) and current (I). What is the power (P) of a component if its voltage (V) is
2 « 10° volts and current (I) is 15 A?

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 53
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6. The conductance (G) of an electrical component is the reciprocal of its resistance (R). This
is written as G = 'lll Conductance (G) is measured in Mho (U) or Siemens (S). Resistance

is measured in ohms (Q). What is the conductance in Mho (U) of a certain component if the
component’s resistance is 2 « 10° Q?

7. The current of an eiectrical device can be calculated by dividing its power (P) by its
voltage (V). What is the current (I) of an electrical device if its power (P) is 10 watts (W) and
its voltage is 5 « 107 volts (v)?

8. The voltage (V) of an electrical device can be calculated by dividing its power (P) and its
current (I). Power is measured in watts (W); current is measured in amps (A). What is the
voltage (V) of a device if its power (P) is 5 W and its current (I) is 2 » 107 A?

©Industrial Technology Institute, Wayne County Community College, Great Lakes Division, National Steel Corporation: 1991 6
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9. A wave is a shape that repeats periodically. Frequency is the number of waves generated
per second. Frequency is measured in hertz (Hz).

The length of an electrical wave (wavelength) is calculated by dividing the wave’s speed
(3 + 10° meters per second) by the wave’s frequency. What is the length of a wave
with a frequency of 2 + 10° Hz?

10. Coulomb (C) is the unit of measure of electrical charge. The electrical charge of one electron
is 1.6 » 10" Coulomb (C). What is the electrical charge of 5 « 10% electrons?

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 7
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[P s SRR S

®e —
Answers
1. (= ¥V _ L0 11 oo

2, -9
45 « 10°
1._9_.10-3
45
I=2¢10%A
3. V=I«.R

V=2¢10%+ 5. 10°
. V=2.5.10°.10°
V=10 10°. 10°

V =10 or 10 volts

4. P=V.l
P=25.8.10°

P =200+ 10°W

5. P=V.l]
P=2.10".15

P=30.10°W

©Industrial Technology Institute; Wayre County Community College; Great Lakes Division, Nationa!l Steel Corporation; 1991
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6 G= 4
R
G = —
2 ¢ 108
0.1.10-6
2
G =.5¢10°0
7 L
v
= lo
510
2. 10%A
@ ° '
1
ve_2
21073
v-.§010J
2

2.5 « 10* Volts

9. Length of wave = _speed
frequency

310

Length of wave =
g 2 ¢ 10°

Length of wave = % .1

10°
Length of wave = 1.5 + 10* + 10°

Length of wave = 1.5 + 10* meters

©Industrial Technology Institute; Wayne County Community College; Greal Lahkes Division, National Steel Corporation; 1991
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10. 1.6+ 10« 50 10* =

1.6+ 54 10+ 10%
8.+ 10'=

8.10=80C

10

©lndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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Prerequisites:

Workbook users should understand:

« the concept of a number line

. the concept of positive and negative numbers
« the concept of a grid
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Working with Coordinates

Focus

This lesson reviews terms and concepts for working with coordinates.

Job Examples

A job example of when you will work with coordinates is determining ambient temperature effects
on industrial fuse operating characteristics.

Key Words
—_—_—— = —
Word Explanation Example
horizontal on a grid, a left to right >
direction
vertical on a grid, an up and down
direction
grid a grating of horizontal
and vertical lines
axis a number line on a grid - 7 —t
(ﬁ RIRIR LI B >
NN ) U SR
N R
X axis the borizontal number line on R I K. B T‘)" x-axis
a gnd . : N R
©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 1
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Working with Coordinates

variable

independent
variable

dependent
variable

coordinates

ordered pair

zero (0)

the vertical number line on a
grid

a symbol (or letter) that can
vary in value

a variable that controls another
variable; the horizontal axis
on a grid

a variable that is controlled
by another variable; the
vertical axis on a grid

two values representing one point
on a grid. Coordinates are written
as a pair of numbers; the first
number represents the X axis value
(independent variable); the second
number represents the Y axis value
(dependent variable).

another name for coordinates
a digit that has no quantified

value; on a grid, the point at
which the X and Y axes cross

Y

»

y-axis

PUPRFEEY S S Sy

b & b

a, X

A lamp’s dimmer switch
(independent variable)
controls the brightness of
the bulb (dependent variable)

When driving a car, the
car’s speed (dependent
variable) depends on the
amount of accelerator pedal
pressure (independent
variable)

('3y2); (X.Y)

(147, -18)

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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Working with Coordinates

Rules for Working with Coordinates

+ the X (horizontal) axis = first coordinate in an ordered pair = independent variable

« the Y (vertical) axis = second coordinate in an ordered pair = dependent variable

©Industrial Technology Institute: Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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Working with Coordinates

®* - ——
Practice Problems

Read each problem and solve for the answer. Answers are provided in the back of this workbook.

1. The settings on an electric stove are: simmer, low, medium, and high. The time it takes to

boil one gallon of water depends on the stove’s setting. Name the independent and
dependent variables in this example.

2. Which number represents the horizontal value for coordinates (8,-3)?
3. Which number represents the vertical value for coordinates (8,-3)?
4, Voltage (V) is electrical force or pressure; it is measured in volts (v). Current (1) is the flow
. of electrical charge. The amount of a circuit’s voltage (V) affects the amount of the circuit’s
current (I). This means that voltage (V) is the independent variable and current (I) is the

dependent variable. A particular circuit has a voltage of 5 and a current of 6. Write these
as an ordered pair.

5. Write the ordered pair for coordinates representing a circuit’s time (t) of 5 (independent
variable) and voltage (V) of 8 (dependent variable).

6. Write the ordered pair for coordinates representing a circuit’s time (t) of 1 (independent
variable) and voltage (V) of 4 (dependent variable).

7. Write the ordered pair for coordinates if a circuit’s current (I) is 5 (dependent variable) and
its voltage (V) is -3 (independent variable).

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation,; 1991 4
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o s -
Answers

L. The time it takes to boil one gallon of water depends on the stove’s setting (simmer, low,
medium or high). The stove's setting is the independent variable; the time it takes to boil
the water is the dependent variable.

2. (8,-3): the X axis (horizontal) value is 8. The x-axis value is always listed first in an ordered
pair.
3. (8,-3): the dependent variable (Y axis) value is -3. The dependent variable is always listed

second in an ordered pair.

4, voltage = 5 = independent variable = X axis value
current = 6 = dependent variable = Y axis value
ordered pair: (5,6)

5. time = 5 = independent variable = X axis value
voltage = 8 = dependent variable == Y axis value
ordered pair: (5,8)

6. time = 1 = independent variable = X axis value
voltage = 4 = dependent variable = Y axis value
ordered pair: (1,4)

7. voltage = -3 = independent variable = X axis value
current = 5 = dependent variable = Y axis value
ordered pair: (-3,5)

Olndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 53
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Math

for
Success
in
Electronics

How to
Plot and Draw
Line Graphs

Prerequisites:

Workbook users should understand.

« the concept of grids

. the concept of horizontal and vertical axes

« how to write numbers as coordinates

. the concept of independent and dependent variables
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How to Plot and Draw Line Graphs

How to Plot and Draw Line Graphs

Focus

This lesson explains how to plot and draw line graphs.

Job Examples

Job examples of when you will plot and draw line graphs include determining:
. the starting current of a motor in relation to the time characteristics of the motor
. ambient temperature effects on industrial fuse operating characteristics

Key Words
— ——————_T
Word Explanation Example
grid a grating of horizontal and vertical
lines
X axis the horizontal number line on a grid 5o B Bl B ) ‘
( 2 10 ' 2 X-axis
1] I
fy
Y axis the vertical number line on a grid - S
graph point a specific location on an axis; also
the location where two lines intersect
®Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 1
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How to Plot and Draw Line Graphs

coordinates two values representing one point on (-3,2); (x,y)
a grid. Coordinates are written as a
pair of numbers; the first number
represents the X axis value
(independent variable); the second
number represents the Y axis value
(dependent variable).

ordered pair another name for coordinates (5,3); (a,-b)
independent a variable that controls another a lamp’s dimmer switch
variable variable; the horizontal (X) axis on (independent variable)

a grid controls the bulb’s bright-

ness (dependent variable)

dependent a variable that is controlled by When driving a car, the car’s
variable another variable; the vertical (Y) speed (dependent variable)
axis on a grid depends on the amount of

accelerator pedal pressure
(independent variable)

zero (0) a digit that has no quantified
value; on a grid, the point at
which the X and Y axes cross on a

grid

line graph a line drawn through two or
more points plotted on a grid

| —
1
(2
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How to Plot and Draw Line Graphs

®e -
How to Plot a Line Graph

The goal of plotting a line graph is to visually see how one number in the ordered pair
(independent variable) changes the other number in the ordered pair (dependent variable).

Example 1: Voltage (V) is electrical force or pressure. Current (1) is the flow of electrical
charge. In any electric circuit, varying the voltage will vary the current. For
example, when the voltage (V) is 8, the current (I) is 6. When the voltage (V)
is 7, the current (I) is 5. And when the voltage (V) is 4, the current (I) is 2.
You want to create a graph to see how the voltage (V) varies the current (I).

1. Identify the independent and + current depends on voltage
dependent variables. - independent variable = voltage
- dependent variable = current

2. Write the variable values as . (independent variable, dependent
ordered pairs. (Ordered paires variable)
can also be written in table form.) + (voltage, current)

. (8,6);(7,5);,(4,2) or |votage] 8 [ 7 | 4

. Cument{ 6 | 5 | 2

3. For each ordered pair: R TULIOS W O0 0 A NEENEN
« locate the independent variable currentt
(first coordinate) on the X crssgrregerfrriisnfingis deedecdiun Gdingied o
(horizontal)axis O S S e o 0 D o
« locate the dependent variable T " i
(second coordinate) on the Y ' :
. . : It
(vertical) axis (j-l-? B R ERERRK K ’ ’ W(v:qe
i, i
. draw a graph point on the grid e
. R SYTT YT FYTTS PRPPS IVYVF FRTY TOOP TR IOIRL .
where the independent and o :
dependent variables (coordinates) PR L O S S o _:-. 0 0 R A O S S
meet ; e '

Olndustrial Technology Institute; Wayne County Community College; Great Lahkes Division, National Steel Corporation; 1991




How to Plot and Draw Line Graphs

®
: 4. Cornect the grid points to b

create a grapii. ¥ Current
(m r

>

> P PP e

" voitage
4 (V)

A
=

- e wee

e
XXX XX,

The graph shows the relationship

between voltage (independent

variable; X-axis) and current

(dependent variable; Y-axis). When

the voltage has a certain value, the
. current has a certain value.

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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How to Plot and Draw Line Graphs

@

— ﬁ
Example 2: When driving a car, your foot exerts pressure on the accelerator to determine
the speed of the car. One pound per square inch (psi) of foot pressure causes
a speed of 10 miles per hour (mph). Two psi of pressure cause a speed of
20 mph, and three psi cause a speed of 30 mph. You want to create a graph
to see how pressure affects speed.

——

1. Identify the independent and » speed depends on pressure
dependent variables. + independent variable = pressure
+ dependent variable = speed

2. Write the variable values as + (independent variable, dependent
ordered pairs. (Ordered pairs variable)
can also be written in table form.) + (pressure, speed)
« (1,10); (2,20); (3,30) or |pressure] 1 | 2 | 3
Speed I 10 I 20 ’ 30
3. For each ordered pair:. - O T G
« locate the independent variable ?:1:3 A
. (first coordinate) onthe X ™ S0 St S ot S A B S e
(horizontal) axis *

« locate the dependent variable
(second coordinate) on the Y o4

(vertical) axis
( 4=3-2 L I pr('::lt;r.
« draw a graph point on the grid Ak B

where the independent and .
dependent variables (coordinates) -t
meet :

©lIndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corparation; 1991
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How to Plot and Draw Line Graphs

4. Connect the grid points to Wy

:SDG:OG
create a graph. (MDh) 4.3

104
..... 00 OO OO TUPR OO '\ EEON YURNR TR SO AP
( W Pressure

) -4 -} - {(pst}

f

The graph shows the relationship between
the pressure (independent variable; X axis)
and speed (dependent variable; Y axis).

When the pressure has a certain value, the

‘ speed has a certain value.

©/ndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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PRmmEE————— s e e e e - - S - - - e

Practice Problems:
Read each problem and solve for the answer. Answers are provided in the back of this workbook.
Some Practice Problems refer to the following information:

« current (I) -- the flow of electrical charge; it is measured in amps (A)

« voltage (V) -- electrical force or pressure; it is measured in volts (v)

« power (P) -- in general, energy delivered or consumed per second; it is measured in
watts (W)

1. The angle of revolution (8) of a mechanical generator determines the generator’s voltage.
This table represents the voltage (V) generated by a complete revolution (6) of a mechanical
generator. Plot and draw a line graph using the information provided in the table.

voltage A

(V) ¥

NN EEE XX

s
L
ry
2 g

b b 20

Bo b 4 béi b

\ 4

©Industrial Technology Institute, Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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How to Plot and Draw Line Graphs

2. The table below gives information on how
the voltage (V) of a particular circuit
determines the current (I) of the circuit. :
Plot and draw a line graph using the rmenon
information provided in the table.

ERTye . \\ N it ? At vt
Violal] e volitage (_ S S N
(V) N -4-3-2-10 1 2 8 4 !

b 0 1 2 VRO SRS S
. s

& [ o Grr s asr e

1N -1 \\\-.\«v.-.\\\\%-.w-\\\;.-.\\-.\\\ AR ARSI AL
- : : R

i 3
3
i H
: H 1 : H b :
X, H z. » ;3 H H .
atsdinsnaiiavssad s gt e 2 assadassansgrasesaaseandaan dara o
) ¥ H Y ' } 3 H 1) ¥ B
: } H H : H H

. §
3 . H < H
H & N . N H H H H
ensavdoaanedoniss m @i assaiiantiinan nenne §urnassfests
‘ ] H H H H H i

H H H H H

L : . H H H
------- YOS SUPIIQUEF | NTPRP-FEVITCE YUV PCEPRY. TEIVPIT ST soure
¥ : ; ¥ ; 3 :

H
3

H H L : . H 3 ' %
H H i H '-v: i t H
& H . B H H B . H

3. A resistor is a component that controls the r‘, i __A
. o ower
flow of current and/or voltage in a circuit. P
The voltage (V) and power (P) of a
particular resistor are given inthe table
below. Draw a line graph showing how, in
this resistor, power (P) is determined by

voltage (V). R SO0 SN R SO R (R S S it i S S S

N ~4

voltage(
(V) -6-5-4-8 -2-10] v 2 § 4 § ¢

\‘l‘ 158
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The current (I) and power (P) of a
particular electric circuit are represented
in the table below. Draw a line graph
showing how, in this circuit, current (I)
determines power (P).

A capacitor is a device that stores
electricity. The table below shows the
voltage (V) of a particular capacitor at
various times (t) in the capacitor’s
discharge cycle. Plot and draw a line
graph using information provided in the
table.

How to Plot and Draw Line Graphs

P

P)

i i
Power 'A

4]

1

.+ 158

Current
a

voltage +11

(V)

1

---------

A -5 -

4 -y -

------

N ._..,}i?



TURE

How to Ploi and Draw Line Graphs

6. A capacitor is a device that stores

electricity. When charging a capacitor, ."°"a°’m
time (t) is required for the electrical '
voltage (V) to build up to its maximum
value. The table below gives voltage and
time information for charging a particular
capacitor. Plot and draw a line graph
using this information.

« (V) +®

( h time
-8 -4 -3-2-10 4 8 (t)

H T L 4 .
....... ... Temperature;
(T)

a particular furnace at various times (t).
Plot and draw a line graph showing this
information.

7. The table below gives temperatures (T) of R e T S St 3&
300
250

{ time
~5 -4 =3 -2 -
% (t)

©Industrial Technology Institute; Wayne County Community College; Greal Lakes Division, National Steel Corporation,; 1991 10
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. How to Plot and Draw Line Graphs

8. A transistor is a device that is used as an amplifier or switch. The current (I) and
voltage (V) of a particular transistor are represented in the following table. Plot and draw
a line graph showing how voltage (V) affects current (I).

Current
(1) b2

rs

(-s =5 -4 -3 -2

'
-,

J
& N O

v
H
4
P ee? W
[}
o

e . ~——e ' v
e -t
.( N O

©lndustrial Technolugy Institute, Wayne County Community College, Great Lakes Division, Natwnal Steel Curporation; 1991 11
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How to Plot and Draw Line Graphs

9. A transistor is a device that is used as an amplifer or a switch. The current (I) and.
voltage (V) of a particular transistor are represented in the following table. Plot and draw
a line graph to show how the current (I) is affected by voltage (V).

voltage
(V)

v

{-V-Il-!-d-l-t-ﬂ 1 2 35 4 6 ¢ 1

©lndustrial Technology Institute; Wayne County Communuty College; Great Lakes Division, National Steel Corporation; 1991 12
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How to Plot and Draw Line Graphs

Answers
. . ) ., voltage S
1 b } : i w4 % | oot 2.

r ¥ 5 ¢ @ o p o B
—

' / \
l .
l ] \ ) vo(l\t/a)qe
: \ :
- LTI E LEEMNHE] -Wﬂmnmuur} “""’(‘.“)“"“
; . \ i
— s \ ]
i : 17
: . \
; . e

il : ]
3. Power : 4. l!»'ower i'*
1
? 1
T ; 1
( Current
. \ -3 -4-3-2 =1 | B (1)
( P W voltage '
-0-8-4-9 -2-10F0 1 2 4 4 ¢ ¢ ’ (V) -
' -12
I 3_1
b 1
‘s i-ﬂ
L i
[ |
l-
i
|
©Industrial Technology Institute; Wayne County Community College; Grea! Lakes Divwsion, National Steel Corporation; 1991 13

o 163




voltage

v

) time
(t)

b

............. Temperaturel

(7

-4

voltage,

How to Plot and Draw Line Graphs

(V) 4
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Prerequisites:

Workbook users should understand:

« the concept of line graphs

o the concept of horizontal and vertical axes

« the concept of independent and dependent variables
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How to Extrapolate Information from Line Graphs

How to Extrapolate Information from Line Graphs

Focus

This lesson explains how to extrapolate (estimate, infer or project) information from a line graph.

Job Examples

Job examples of when you will extrapolate information from a line graph include:
. interpreting when wire insulation has deteriorated below safety level
« interpreting types of vibrations for diagnosis purposes

Key Words
Word Explanation Example
grid a grating of horizontal and
I vertical lines
X axis the horizontal number line on a RTINS B
grid SR .
( 2 A0 v 2 )x-axls
Y axis the vertical number line on a grid !
graph point a specific location on an axis; also
the location where two lines
intersect
Oindustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation, 1991 1




coordinates

ordered pair

independent
variable

dependent
variable

zero (0)

line graph

How to Extrapolate Information from Line Graphs

two values representing one point
on a grid. Coordinates are written
as a pair of numbers; the first
number represents the X axis value
(independent variable); the second
number represents the Y axis value
(dependent variable).

another name for coordinates

a variable that controls another
variable; the horizontal (X) axis on
a grid

a variable that is controlled by
another variable; the vertical (Y)
axis on a grid

a digit that has no quantified
value; on a grid, the point at
which the X and Y axes cross on
a grid

a line drawn through two or more
points plotted on a grid

(-3,2); (x,y)

(5,3); (a,-b)

a lamp’s dimmer switch
(independent variable)
controls the bulb’s bright-
ness (dependent variable)

When driving a car, the
car’s speed (dependent
variable) depends on the
amount of accelerator pedal
pressure (independent
variable)

©lndustrial Technolvsy Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation, 1991
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intersect to touch or cross IIE I % IL
perpendicular two lines intersecting at a 90° angle I: 90°
extrapolate to estimate, infer, or project "The information
extrapolated from the
graph is. . ."
i’’’ —

©Industrial Technology Institute, Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 3
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How to Extrapolate Information from Line Graphs

Example 1: Voltage (V) is the amount of volts available in a circuit or component. This
graph represents the voltage coming out of an electric circuit at various time
intervals. You are interested in finding the voltage (V) at a particular time.
What is the voltage (V) at 7 milliseconds (ms)?

voltage

V) b 75 [ -

—
1. Identify the variable represented by the time in milliseconds (ms)
horizontal axis.
. 2. Identify the variable represented by the voltage (V)
vertical axis.
3. Locate the known information on the 7 milliseconds (ms)

graph (identify the point on an axis).

veltage +
v) 3

4. From the known information point (and
axis) identified in step 3, draw a
perpendicular line until it intersects

)

(touches) the graph. e 9 10 1

veltage
)

5. From the intersection point identified in
step 4, draw a perpendicular line to

the other axis. This line intersects
the axis at the value you want to
extrapolate.

The voltage (V) at 7 milliseconds (ms)
is 1.

©Industrial Technology Institute; ~'ayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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How to Extrapolate Information from Line Graphs

r_—_—_——;——————g — — pmrer——

Example 2: A circuit is electrical components connected together to a power source. ]
Voltage (V) is electrical force or pressure. This graph represents the voltage (V)
coming out of an electric circuit. You are interested in finding the voltage (V)
at a particular time. What is the voltage (V) at 3 milliseconds (ms)?

voltage A
) - - e e s

time
2 4 6 8 10 12 1a 16 18 20 22 24 26 imsi

]

1. Identify the variable represented by the time in milliseconds (ms)
horizontal axis.

2. Identify the variable represented by the voltage (V)
. vertical axis.
3. Locate the known information on the 3 milliseconds (ms)
graph (identify the point on an axis).
voltage A
v 6
4. From the known information point (and ®
axis) identified in step 3, draw a ‘- -
perpendicular line until it intersects 3- -
(touches) the graph. A S R N (SR G .
I U - me
3 2*4 6 8 10 12 14 1618 20 22 24 :e) ‘t,i,,
Y
This step is not applicable; the
known information point
intersects the graph.
5. From the intersection point identified in This step is not applicable;
step 4, draw a perpendicular line to the known information point
the other axis. This line intersects intersects the graph. The
the axis at the value you want to voltage (V) at 3 milliseconds (ms)
extrapolate. is 0.

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation, 1991
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How to Extrapolate Information from Line Graphs

s -
Practice Problems

Read each problem and solve for the answer. Answers are provided in the back of this workbook.

Some Practice Problems refer to the following information:
« circuit -- electrical components commectd together to a power source
« current (I) .- the flow of electrical charge; it is measured in amps (A)
« voltage (V) -- electrical force or pressure,; it is measured in volts (v)

1. A square wave generator is a type of circuit. This graph represents the output of a square
wave generator. (Note the square pattern of the graph.) The output represented is given
in current (mA) per microseconds (ps).

« What is the current in milliamps (mA) at 1 microsecond (us)?
« What is the current in milliamps (mA) at 7 microseconds (ps)?

Current A o .
(m) 6 Jeciieanad § .........\-§ .................... % ......... ,: ................... .g ......... Giornnnne
: i ! ! {
| i : . TR FHVTPPPIN SRR ~
S § b
N RO NOINE DI orrrrreey  XITTIRTERIEREILEY]  RARLLEA s ..................
4 3 :
. o SUULANI WHRNSCHRN WNPNE SRR RSN SRS S
2 .................................................................................
1 ¥
( time
i TR 2 T - (1s)
Lo e T e
~2F § ................................... % ......... - IR
3
-4}. 2 oo
Sl — - —
61 S N SSNTOION SO A FSSTOON SRS N
©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 6
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How to Extrapolate Information from Line Graphs

2. A square wave generator is a type of circuit. This graph represents the output of a square
wave generator. (Note the square pattern of the graph.) The output represented is given
in current (I) per microseconds (ps). What is the current (I) in milliamps (mA) at
9 microseconds (ps)?

Current A
(ma)

3. A triangular wave generator is a type of circuit. This graph represents the output of a
triangular wave generator. (Note the triangular pattern of the graph). The output
represented is given in current (I) per nanoseconds (ns). What is the current (I) in
milliamps (mA) at 5 nanoseconds (ns)?

Current

Q 171




How to Extrapolate Information from Line Graphs

4, This graph represents the output from a computer microchip. This graph pattern is called
square pulse. The output represented by the graph is voltage (V) per microseconds (us).

« What voltage (V) can be projected at 23 microseconds (ps)?
« What is the width (or time) in microseconds (ps) separating two pulses in the graph?

volts
(v)

X > 4 6 8 10 12 14 16

...................

5 [UUUUTOTU  SUUTURRN-RTUIUrre [UURUTIRY [UTOIOPPIRE IOVPURPRISN JOTPYRITRN TPTSEIEREIIIIENN TENUINRE LRIt e L

: : : time
18 20 22 24 26 (s)

5. Frequency is the number of waves generated per second; frequency is measured in hertz (Hz).
This graph represents the response of a radio’s tuning circuit to frequency variations. The
graph shows current (I) per Kilohertz (KHz). What is the current (I) in milliamps (mA) at
1050 Kilohertz (KHz)?

Current
(mA)

;
§
§
: : Frequency
<€ (KHz)
©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 8
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6. This graph represents the output from a filtering circuit. The output is represented in
volts (v) per Kilohertz (KHz). What is the output voltage (V) at 1250 Kilohertz (KHz)?

volts : i : : :
(v) P e % ............ ............. ............. > ............ O SO ............ 4. ............ ............ > ................
3 —— SN T |
2 ......................................................................... Geotseieiiieenes
l ..........................................................................................................................................
; i H ; i { : { : Frequency
: : : : : : ' : ' (KHz)
1000 1200 1400 1600 1800 2000
7. A rectifier is a circuit or component used to change an alternating current (AC) to a direct

current (DC). This graph shows the output of a rectifier circuit in volts (v) per
microseconds (ps). How many volts (v) are projected for 11 microseconds (ps)?

volts
(v)

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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8. Resistance (R) is the ability of a device, material or component to oppose the flow of electric
current. This graph shows the resistance (R) of a component at various temperatures (T).
What is the resistance (R) at 100°?

Resistance
i (R)
{
10°
{
H
10
...... 1 0%
103 _
-------- ST DD Le tor p-------é- nenee sensnaferenes -------*--------
10% =
163
-------- PO DTy Ty SYRINIDH ISR -----1-?------- SPTPIPIN ST STYTIIIT TLITLL Loy IURTOIEY TISTTTEE SICTOICL AOLILLLLE
-------- @rrvnseadiianiiininnadien @it e I 0?------- e @ining F I ) LTI ST
Temperature _)
p(T) ( -100 | O 100 | 200 { 300 | 400
. ! * | % |

9. A diode is an electrical component. This graph shows the output of a diode in current (I) per
voltage (V). What is the current (I) in milliamps (mA) at one volt (v)?

Cdrret:th .
WA I S A O T
"""""""""""""""" gt O frserbre et G 1,5,50)
40
30
20
10
e O 1 I
_ 1o0uina 15 e (V)
........ | ST SRTUOR NOVOOIS SRONS SO S Y i‘ oevnsfosens ressnspasssesfrnnnns
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@

10. A capacitor is a device that stores electrical charge. Voltage (V) is electrical force or
pressure. This graph shows the voltage (V) per millisecond (ms) when charging a capacitor.
« What is the voltage (V) at 20 milliseconds (ms)?
« What is the voltage (V) at 80 milliseconds (ms)?
voltage A
V) (70,100)
( z . time
0 P : > (ms)
v 10 20 30 40 S0 60 70
OlIndustrial Technology Institute; Wayne County Community College; Great Lakes Division, Natiwonal Steel Corporation, 1991 11
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Answers

1. 5mA, -5 mA

3. 15mA

4. Ov, 4us

5 1.5 mA

8. 10°

9. 20 mA

10. 85 volts, 100 volts

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 12
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Sweess | Convert Metric
Flectonis | Measurements

1 meter =

@ 100 centimeters

Prerequisites:

Workbook users should understand:

« the concept of fractions

«  how to multiply, divide and reduce fractions
« the concept of decimal numbers

« how to multiply decimal numbers

« the concept of exponents
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How to Convert Metric Measurements

Focus

This lesson explains how to change a metric measurement from one metric measurement scale to
another.

Job Examples

Job examples of when you will change a metric measurement to a different metric measurement
scale include:

+ testing wire insulation

« measuring electrical current

Key Words
Word Explanation Example
convert to change to a different form 100 centimeters = 1 meter J
|
quantity numerical value 6, 9 I
unit of measure a defined measurement increment inch, meter, watt, volt,
| amp
measurement a quantity followed by a unit of 2 Megawatts FJ
measure 4 Kilovolts

1 Millimeter

metric sysiem a measurement system based on 1 meter = 100 centimeters
powers of ten 1 meter = 1000 millimeters
1 meter = .01 hectometers

metric a power of ten which can also be 10° = milli
measurement represented by a specific name 10f3 = mega
scale 10° = kilo

See next page

|

©Industrial Technology Institute; Wayne County Community College; Greal Lakes Diuvision, National Steel Corporation, 1991 1
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Metric Measurement Scales

Scale Name
Giga 10° = 1,000,000,000
Mega M 10° = 1,000,000
Kilo K 10° = 1000
Hecto h 10% = 100
Deka D 10! = 10
Basic Unit 1
Deci
Centi
‘ Milli
Micro
Nano
Pico
. ©Industrial Technology Institute, Wayne County Community College, Great Lakes Division, National Steel Corporation, 1991 2
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How To Convert Metric Measurements

Example 1: Wire insulation is measured in ohm (Q). Adequate insulation should be at least
one mega-ohm (MQ). The meter testing a wire's insulation reads 2000 kilo-ohm

(KQ). You want to convert the 2000 KQ to MQ to see if the wire insulation is
adequate.

1. Identify the given metric measurement KQ or 10°Q or 1000Q
scale.

2. Identify the desired metric measurement MQ or 10°Q or 1,000,000Q
scale.

3. Multiply the given quantity by the 2000 - 10°Q

given metric measurement scale.
2000 « 1000Q

. 2,000,000

4. Divide by the desired metric 3:%%?%9 = %MQ = 2MQ

measurement scale.

The wire’s insulation is 2MQ.
Adequate insulation should be at
least 1MQ, so this is adequate.

©Industrial Technology Institute; Wayne County Community College,; Great Lakes Division, National Steel Corporation; 1991 3
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Example 2: You are testing an instrument that is supposed to absorb 5 amps (A) from a
power source. Your measurement indicates that the instrument is absorbing
50 milliamps (mA). You need to convert the 50 mA to amps (A) to see if the
instrument is absorbing too much or too little current.

1, Identify the given metric measurement mA or 10°Aor .001 A
scale.

2. Identify the desired metric measurement basic unit or 1
scale.

3. Muitiply the given quantity by the 50 - .001 A
given metric measurement. 05 A

4, Divide by the desired metric T A

measurement scale.
.05 A

The instrument is absorbing .05 A
from the power source. It should be
absorbing 5 A, so it is absorbing too
little current.

©Industrial Technology Institute; Wayne County Communizy College; Great Lakes Division, National Steel Corporation; 1991 4
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e

Practice Problems

Read each problem and solve for the answer. Answers are provided in the back of this workbook.

1. Megawatts is the preferred scale for discussing electric furnace power usage. An electric
furnace is using 5000 Kilowatts of power. Convert this to Megawatts.

2. A rectifier is a circuit or component used to
change alternating currcnt (AC) to direct
current (DC). A particular rectifier can
operate at .5 amps (A) without burning. The
current measurement indicates the rectifier is
operatindg at 300 milliamps (mA). Convert mA
to A to determine if the rectifier is operating g
at a safe level. rectifier

3. Resistance is the ability of device, material or component to oppose the flow of electric
current. Resistance is measured in ohms (Q). You are measuring the resistance of a wire
in a transformer to make sure the resistance is at proper levels. The resistance should
measure 10Q at maximum. The actual reading is 1000 KQ. Is the present resistance
adequate?

Olndustrial Technology Institute; Wayne County Community College; Greal Lakes Division, National Steel Corporation, 1991 51
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. 4, A particular bolt is 48 millimeters in diameter.  Wrenches are scaled from
1 to 10 centimeters. Which wrench will you choose to do the job? (Hint: the correct wrench
will not be an exact fit; it will be a bit loose.)

5. You have a container of 1000 tablets for a cleansing process. Each tablet is 500 milligrams.
Total tablets are 500,000 milligrams. Convert total tablets to Kilograms.

6. You have to fill a motor with 3000 milliliters of oil. You have a container with 3 liters of oil.
Is this enough oil to fill the motor?

I ©lndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 6
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Voltage (V) is the amount of volts available in a circuit or component. A powerline is
delivering electricity at 18,000 volts. Convert this to Kilovolts (Kv).

8. Power, in general, is energy delivered or consumed per second; power is measured in watts
(W). A particular electronic circuit is receiving 10 Milliwatts (mW) of power. Convert this
to watts (W).

9. The speed of light is 300,000,000 meters (m) per second. Convert the meters to
Kilometers (Km).

10. A radio station is broadcasting at 91,500,000 hertz (Hz). Convert to Megahertz (MHz).

Institute,; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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Answers
1. Given scale (K) = 10° = 1000

©Industrial Technology Institute; Wayne County Community College: Great Lakes Division, National Steel Corporation; 1991

Desired scale (M) = 10° = 1,000,000
Multiply the given quantity by the given scale. 5000 « 1000 = 5,000,000

5,000,000 _ = prw

Divide by the desired scale =
1,000,000

1,000,000

. . 1
G =10%= ——=.00
iven scale (m) 7 1

Desired scale (1) = 1 (basic unit)

[
w

Multiply the given quantity by the given scale. 300 » ﬁ =

gl

Divide by the desire scale = -12 =3A

It is below the maximum limit of .5, so it is safe.

Given scale (K) = 10° = 1000
The desired scale (1) = 1 (basic unit)

Multiply the given quantity by the given scale. 1000 « 1000 = 1,000,000
Divide by the desired scale = l’g—%-@ = 1,000,000Q

This is much higher than the safe limit of 10 Q, so it is not safe.
"y

"~
.
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4. Gi le (m) = 10° = —— =001
iven scale (m) 1000

The desired scale (¢) = 102 = 1 -0

100

Multiply the given quantity by the given scale 48 « .001 = .048

Divide by the desire scale = —?—;— =48 cm

The wrench to choose is 5 cm.

5. The given scale is (m) = 10° = 1 =001

1000
The desired scale is (K) = 10° = 1000

R A T TSP

. Multiply the given quantity by the given scale. 500,000 « 1oloo = 500
Divide by the desired scale = 0 -5 Kg
1000
6. Change 3000 milliliters to liters in order to compare.
. . . 1
G scale is (m) = 10° = —— =.001
iven scale is (m 1000
The desired scale is 1 (basic unit) =1
Multiply the given quantity by the given scale. 3000 » -171.03 =3
Divide by the desired scale = % = 3 liters
Three (3) liters of nil is enough quantity to fill the motor.
©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 9
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7. The given scale is 1 (basic unit) = 1
The desired scale ie % < 000 = 10°

Multiply the given quantity by the given scale. 18,000 « 1 = 18,000

. . 18,000
Divid t = 27 =
ivide by the desired scale 1 18 KV

8. The given scale is m = 10° = L - 001
1000

The desired scale is 1 (basic unit) =1

Multiply by the given quantity by the given scale. 10 + .001 = .01

Divide by the desired scale —(-il =01W

9. The given scale is 1 (basic unit) =1
The desired scale is K = 10° = 1000

Multiply the given quantity by the given scale. 300,000,000 « 1 = 300,000,000

Divide by the desired scale = -3Q1%%“-)—0 = 300,000 Km

10. The given scale is 1 H (basic unit) = 1
The desired scale is M = 10° = 1,000,000

Multiply the given quantity by the given scale. 91,500,000 « 1 = 91,500,000

Divide by the desired scale = %ws%.% =91.56 MHz

Olndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 10
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1" = 2.54cm

Prerequisites:

Workbook users should understand:
« the concept of decimal numbers
. how to use a calculator for multiplying and dividing

| decimal numbers
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How to Convert English and Metric Measurements

Focus

This lesson explains how to convert an English measurement to a metric measurement, and how to
convert a metric measurement to an English measurement.

Job Examples

Job examples of when you will convert English and metric measurements include converting:

« meters to feet when using foreign designs
. centimeters to inches when using foreign manuals

Key Words
Word Explanation Example
convert to change to a different form 12 inches = 1 foot
. 1 mile = 1.61 Kilometers
quantity numerical value 6,9, 101
unit of measure a defined measurement increment inch, meter, pound, Kilogram
measurement a quantity followed by a unit 3 centimeters, 1 inch
of measure
metric system a measurement system based on 1 meter = 100 centimeters
multiples of 10 1 meter = 1000 millimeters
1 meter = .01 hectometers
English system the measurement system: used in 12 inches = 1 foot
the U.S.; it is not based on 3 feet = 1 yard
multiples of 10 4 cups = 1 quart
Conversion Table a table with information see next page
for converting from one
. L measurement to another

ot

©Industrial Technology Institute, Wayne County Communily College; Greal Lakes Division, National Steel Corparation. 1991
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Conversion Table

English Conversion Metric
Unit of Measure Quantity Unit of Measure
x |
foot (ft) 306 meter (m)
inch (") 2.54 centimeter (cm)
pound (lb) 452 Kilogram (Kg)
British thermal unit (Btu) 252 calorie
horsepower (hp) 746 watt (W)
{=mile (mi) _ 1.61 Kilometer (Km)

Note the directional arrows and associated math operations in the table headings:

« When converting from an English unit of measure, multiply by the
conversion quantity.

. « When converting from a metric unit of measure, divide by the
conversion quantity.

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 2
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How to Convert an English Measurement to Metric

Example: You are planning to install several pieces of equipment along a particular shop
wall. You know the wall is 50 feet (ft) long. The floor plan you are using states
that a minimum wall length of 15 meters (m) is needed for the installation.
Convert feet (ft) to meters to ensure that you will have adequate wall space for
the installation.

1. Identify the English and metric « English unit of measure is foot
units of measure. « metric unit of measure is meter

2. Find the line on the Convgrsion | English Conversion Metric
Table that shows the English and ; Unit of Measure Quantity | Unit of Measure
' . ; +
metric units of measure. ‘ ot -
(Note.. the directional arrows and — | P S
associated math operations at the — -
4 inch () 2.54 centimeter tcm)
top of the table.) . .
pound (1b) 462 Kilogram (Kg)
British thermal unit (Btu, 252 calorie
i horsepower thp) 746 watt (W)
mile (mi) 161 Kilometer tKm)
3. Place all information English Metric
in thiS format: Measurement Conversion Conversion Measurement
Quantity Operation Quantity Quantity
50 X 305 =
4. Perform operation. 50 « 305 = 15.25

15.25 meters is enough wall
length for the installation.

©Industrial Technology Institute, Wayne County Community College; Great Lakes Division, National Steel Corporation, 1991 3
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How to Convert a Metric Measurement to English

Example: A generator is a device that generates electrical energy as a result of an external
force acting on it. You need to install a new generator in your plant’s shop.

The manual states that the generator needs to be a minimum of 127 centimeters
(cm) from other electrical units. Convert centimeters to inches so you can more
easily measure the appropriate distance.

I,

1. Identify the English and metric « English unit of measure is inch
units of measure. « metric unit of measure is centimeter
2. Find the line on thF Convgrsxon Eoglish Conversion etric
Table that shows the Enghsh and Unit of Measure Quantity Unit of Measure |
metric units of :neasure, X M
(Note: the directional arrow and — — )
. . ¢ ¢ . ter 'm
associate math operations at the _ °°h . =
top Of the tabl’e.) - | incht 2.54 centimeter tcm)
pound (Ib) 462 Kilogram (Kg)
British thermal unit 1 Btu) 252 calorie
. horsepower thp) 746 watt (W)
mile (mi) 1.61 Kilometer (Km.
3. Place all information Metric Fnglish
in this format: Measurement  Conversion Convergion Measuretnent
Mtilx Qmmtion Mtltz Qunmitx
127 + 254 =
. 127
4. Perform operation. Y = 50

The generator needs to be a minimum of 50 inches
from other electrical units.

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporalion; 1991 4
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Practice Problems

Read each problem and solve for the answer. Answers are provided in the back of this workbook.

1. In physics, the speed of a falling object increases 9.8 meters per second (m/s) every second. How

much does the speed of a falling object increase in feet per second (ft/s)?

2. A calorie is a metric measurement for a specific amount of heat. A Btu (British thermal unit)
is an English measurement for the same thing. A particular electric heater produced
126,000 calories of heat. How much heat did it produce in Btu (British thermal unit)?

3. An electric heater produced 400 Btu of heat. How much heat did it produce in calories?

4. A roll of steel is 80" (inches) wide. You require a width of at least 200 centimeters (cm) for a
particular job. Will the 80" (inches) width be adequate for your job?

©/ndustrial Technology institute; Wayne County Communuty College; Great Lakes Division, National Steel Corporation; 1991 5
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How to Convert English and Metric Measurements

5. You need to move a piece of steel weighing 226 Kilograms (Kg). A particular lift can move a
maximum weight of 500 pounds (lbs). Can you use this lift to move this piece of steel?

6. A certain plant design requires a piece of wire 6.1 meters (m) long. How long must the wire be
in feet (ft)?

7. A certain vehicle traveiled 50 miles. How far did it go in Kilometers (Km)?

8. A certain vehicle travelled 96.6 Kilometers (Km). How far did it go in miles (mi)?

©industrial Technology Institute; Wayne County Community College; Great Lakes Diviston, National Steel Corporation; 1991




How to Convert English and Metric Measurements

9. A certain blueprint requires that a motor be installed 50.8 centimeters (cm) from a wall. You
want to convert this to inches (") so you can measure it more easily. How far in inches must the

motor be installed from the wall?

10. An electric motor has a 3 hp (horsepower) rating. How many watts (W) is this?

11. An electric motor has a 5000 watts (W) rating. What i< its rating in horsepower (hp)?

©Industrial Technology Institute, Wayne County Community College; Great Lakes Division, National Steel Corporation, 1991
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How to Convert English and Metric Measurements

Answers

1. 28 _ 301 1us

305

126,000

% = 500 Btu

3. 400 . 252 = 100,800 calories

4. 80« 2.54 = 203.2 cm (Yes - this is adequate.)

5. %25% = 500 Ibs (Yes - this lift can be used.)

6. Sl _2g.

.305

7. 50+ 1.61 =80.5 Km

6

8. = =60 miles
1.61

9. 308 _gpn
2.54

10. 3+ 746 = 2238 W

11. 5000 =6.7 hp
746

©Industrial Technology Institute; Wayne County Community College; Great Lakes Diviston, National Steel Corporation; 1991

159




° et | How to
] S:'°°"_?ﬁ Convert
ecironics ¢
English

Measurements

° 12inches = 11t.

Prerequisites:

Workbook users should understand:
«  how to multiply and divide numbers

o how to use a calculator for multiplying and dividing
decimal numbers




. How to Convert English Measurements
How to Convert English Measurements

Focus

This lesson explains how to convert one English measurement to another English measurement.

Job Examples

A job example of when you will convert English measurements is reading distances in yards on
blueprints and converting these distances to feet and inches in order to use a measuring tape.

Key Words
—_—— _—_—T
Word Explanation Example
convert to change to a different form 12 inches = 1 foot
12 quarts = 3 gallons
‘ quantity numerical value 6,9, 101
unit of measure a defined measurement increment inch, pound, yard
measurement a quantity followed by a unit of 5 feet, 10 miles
measure
English system the measurement system used in the 12 inches = 1 foot
U.S. it is not based on multiples 3 feet = 1 yard
of 10 4 cups = 1 quart
Conversion Table a table with information see next page
for converting from one
measurement to another
. ©Industrial Technalugy Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 1




. How to Convert English Measurements

Conversion Table

Higher Value Conversion Lower Value
Unit of Measure Quantity Unit of l.Vleasure
5 -
mile 5,280 foot
mile 1,760 yard
yard 3 foot
foot 12 inch
yard 36 inch
pint 16 fluid ounce
quart 2 pint
gallon 4 quart
gallon 8 pint
‘ quart 32 fluid ounce
pound 16 | ounce

Note the directional arrows and associated math operations
in the table headings:

« When converting from a higher value unit of measure,
multiply by the conversion quantity.

« When converting from a lower value unit of measure,
you divide by the conversion quantity.

©industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 2
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How to Convert English Measurements

Example 1: A manual states that you need 36 inches of wire to install a motor. You have

three feet of wire. You need to change feet to inches to see if there is enough
wire to install the motor.

1. Identify the given unit of measure « given unit of measure is foot
and the desired unit of measure. + desired unit of measure is inch
2. Find the line on the Conversion Higher Value | Conversion | Lower Value |
Table that shows the given and Unit of Measure | Quantity | Unit of Measure
desired units of measure. X ¥ ,
(Note: the directional arrows and ) -
associated math operations at the mile 5.280 foot -
top of the table.) mile 1.760 yard —
yard 3 foot
- foot 12 inch J
yard 36 inch !
pint 16 fluid ounce '
. quart 2 pint I
gallon ) quart ;
gallon 8 pint ?
quart 32 fluid ounce !
pound 16 ounce .
3. Place all information Given Desired
in this format: Measurement Conversion Conversion Measurement
Quantity Operation  Quantity Quantity
3 X 12 =
4, Perform operation. 3 « 12 =36 inches

This is enough wire to install the motor.

©lIndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 3




How to Convert English Measurements

Example 2: A blueprint shows that five yards of wall space are available for installing a
particular machine. The machine is 12 feet long. You need to convert feet
to yards to see if the machine will fit along the wall.

1. Identify the given unit of measure + given unit of measure is foot
and the desired unit of measure. + desired unit of measure is yard
2. Find the line on the anversion Higher Value | Comversion | Lower Valus
Table that shows the given and Unit of Measure | Quantity | Unit of Measure
desired units of measure; x M
(Note: the directional arrows and
associated math operations at the mile %380 foot —
top of the table.) ; mile 1.760 yard
— | yard 3 foot )
foot 12 inch i
yard 36 inch :
pint 16 fluid ounce
quart 2 pint
gallon 4 quart !
. gallon 8 pint i
quart 32 fluid ounce
pound 16 ounce
3. Place all information Given
in this format: Measurement Conversion Conversion Measurement

Quantity Operation Quantity Quantity
12 + 3 =

4. Perform operation. 12 + 3 =4 yards

The machine is 4 yards long; it will fit
tlong the wall.

. ©lIndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1901 4




. I How to Convert English Measurements

Practice Problems
Read each problem and solve for the answer. Answers are provided in the back of this workbook.

1. You need 57 feet of wire for installing a particular machine. The roll of wire in the shop has
20 yards of wire on it. Convert yards to feet to see if the roll contains enough wire for your job.

9. A motor needs to be installed 72 inches from a wall. Convert inches to feet so you can measure
the distance more conveniently.

3. Two pints of lubrication oil are needed to lubricate a pump. The container of lubrication oil you
have contains 48 ounces of oil. Convert pints to ounces to ensure you will have enough oil for
the pumps.

4. A building blueprint requires a distance of two yards between two particular machines. You
have measured the actual distance between the machines with a tape measure, and found the
distance to be six feet. Convert feet to yards to see if the machines are at an appropriate
distance.

. ©Industrial Technology Institute; Wayne County Community College, Great Lakes Division, National Steel Carporation; 1991 5




How to Convert English Measurements

5. A container has 37 ounces of a cleaning solution. You need to transfer this solution to a
two-quart container. Convert quarts to ounces to see if your two-quart container is
large enough to hold all of the cleaning solution.

6. Twelve quarts of grease are needed to lubricate six motors. Grease is available is one gallon
containers. Convert quarts to gallons to see how many containers of grease are needed for the

job.

7. Ninety-six ounces of oil are needed for lubricating four electrical machines. There are currently
10 pints of oil on the shop shelf. Covert pints to ounces to see if enough oil is available for the
job.

8. The length of a motor base is 108 inches. Convert inches to yards so that you can work with this
length more conveniently.

©Industrial Technology Institute; Wayne County Cor:raunity College; Great Lakes Division, National Steel Corporation; 1991 6
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How to Convert English Measurements

Answers

1. given unit: yard
desired unit: foot
20 yards x 3 = 60 feet (enough for the job)

2. given unit: inch
desired unit: foot
72 inches + 12 = 6 feet

3. given unit: pint
desired unit: ounce
2 pints * 16 - 32 o'inces (¢nough for the job)

4, given unit: foot
desired unit: yard
6 feet + 3 = 2 yards

5. given unit: quart
. desired unit: ounce
2 quarts x 32 = 64 ounces (enough to hold the cleaning solution)

6. given unit: quart
desired unit: gallon
12 quarts + 4 = 3 gallcas

7. given unit: pint
desired unit: ounce
10 pints * 16 ounces = 160 ounces (enough for the job)

8. given unit: inch
desired unit: yard
108 inches + 36 = 3 yards

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1951 7
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How to Work with Proportions

Focus

This lesson explains how to work with proportions,

Job Examples

Job examples of when you will work with proportions include
» calculating voltage in electric circuits
» calculating current in electric circuits

Key Words
Word Explanation Example
proportion two fractions separated by 10, -32, A_10
5 15° 2 4
an equal sign
i 18 523 95 &
fraction two numbers separated by a 2 18 2 78
P > b, 29, 600, 2, 3
fraction bar; the top number
is the numerator, the bottom
number is the denominator.
. : a _ ¢ a ., ¢ d =
cross multiply a way to restructure a proportion "3 or y xa orasd=ceb
6 x 6 x
— =—o0or —X-or6e¢5=x+20
25 % 2048 X
Multiplication- an algebraic concept stating X = 4 is an equation
Property of that you can multiply or divide x*°8=4°8
Equality a number into both sides of an —; = g
equation without changing the
value of the equation.
©Industrial Technology Institute. Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 1
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How To Work with Proportions

e —

- =

e ——

Example 1: A transformer is a device that increases or decreases voltage and/or current.

The input voltage (V) of a certain transformer is given by 10 _ S0

vV 100
You need to find the value of the input voltage (V).
=—_———__—_—_—__—_—_—_———_—_—___-
. 110 50
. Itiply. L .
1 Cross multiply v 100
110+ 100 =50 « V
2. Apply the Multiplication 11,000=50+ V
Property of Equality.
11000 SOV
S0 50
. 11000 _
50
3. Reduce the result fraction. “;%00 =V
220 =VorV =220
©Industrial Technology Institute; Weyne County Community College; Great Lakes Division, National Steel Corporation; 1991 2
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How to Work with Proportions

Example 2: A two pulley system is used
to lift a 200 pound (lb.) motor.

The force (F) in pounds needed

to pull up the 200 lb. motor is a0 ‘ncres
represented by % = 2—% You are Sincres
interested in finding the value

of the force (F).

|
. 200 10s
. R 5
1. Cross Multiply. -
P 200 40
Fed40=5+. 200
. F . 40 = 1000
2. Apply the Multiplication F « 40 = 1000
. F ¢ 40 1000
Property of Equality. -
periy q y 20 40
P = 1000
40
3. Reduce the result fraction. F = L%)Q
F = 25 lbs.
©lndustrial Technology Institute: Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 3
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Practice Problems

Read each problem and solve for the answer. Answers are provided in the back of this workbook.

Some Practice Problems refer to the following information:
. resistance (R) -- the ability of a device, material or component to oppose the flow of electric
current; it is measured in ohms (Q2)
» voltage (V) -- electrical force or pressure; it is measured in volts (v)
« current (1) -- the flow of electrical charge; it is measured in amps (A)

1. A Wheatstone Bridge is a circuit that is used
to measure an unknown resistance (R). You oo g 20 2
have used a Wheatstone Bridge to identify a %
specific unknown resistance (R). This specific

unknown resistance (R) is given as @

100 3—? What is the unknown

20

Q
resistance (R)? 300

2. A Wheatstone Bridge is a circuit that is used
to measure an unknown resistance (R). You Sa
have used a Wheatstone Bridge to identify a
specific unknown resistance (R). This specific

unknown resistance (R) is given as R _%

25 5
What is the unknown resistance (R)?

80 Q

©lIndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 4
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3. A certain electrical device is connected in _D_._[ ]._
series (end to end) with another de\;;ce. 2I;s devices copnected In ser:es
voltage (V) can be calculated by 2T
What is its voltage (V)?

4. A particular component is connected in series m
(end to end) with another component. It's _ .

R 20 components connected 'n series
resistance (R) is represented by 2 " %
I What is its resistance (R)?
5. In a certain circuit, the current (I) is represented by % = —i—:— What is the current (I)?
©industrial Technology Institute; Wayne County Community College; Greait Lakes Division, National Steel Corporation; 1991 5
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How to Work with Proportions

\ 18

In physics, the lever arm problem examines 15 ft

A transformer is a device that increases or decreases voltage and/or current. The output

voltage (V) of a certain transformer is given by Ti6 = 320" What is the output voltage (V)?

Jft

weight and distance relationships. In this
specific problem, weight (W) can be calculated

by W e 3. Whatis the weight?
20 1§

In physics, the lever arm problem examines L

20 1bs

21t

weight and distance relationships. In this
specific problem, the distance (L) can be

calculated by -sl—g- = % What is the distance

(L)? 10 'bs

Q11
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How to Work with Proportions

9. When two devices are connected in series, __D_._D_

their powers and resistances are represented
Pp Y p deviCes cernected 'n series
1 1

by = = =2, IfP, is 10 W, P, is 20 W, and
ypz R, , 18 , 18 20 and R,

is 60 Q, what is R,?

©industrial Technology institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 7
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Answers
1. 100 « R =300« 20

100 « R =6000

.l(l\oR-m

100 100

R =60 Q

R.5=80-.25
R . 5 =2000

2000

Ro§=
5 S

R =400 Q

Ved4=20.20
V. 4=400

4 _ 400

Vo= "o

4 4

V =100 volts

R.50=20-8
R . 50 =160

R.§9=_l@.
50 50

R=32Q

Q.4

How to Work with Proportions
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5. I.18-12.3

[.18=236

I.—l—8.=_3_§
18 18

[=2A

6. V.220=110+ 18

V. 220 = 1980
Ve .2_2_0. = .__..1980
220 220
V = 9 volts
7. We15=3+ 20
. W 15 =60
15 6
15 15
W = 4 lbs.
8. 10 L=2. 50
10« L =100
1_0 e = .1_@.
10 10
L =10 ft.
©Industrial Technology Institute; Wayne County Community College. Great Lakes Division, National Steel Corporation; 1991 9
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How to Work with Proportions
9. H.RK
P, R,
10 R
20 60

10 + 60 = 20 + R,

600 = 20 « R,
;@ = .-2—'-2 L ]
20 20

30=R,orR,=30Q

©Industrial Technology Institute; Wayne County Community College, Great Lakes Division, National Steel Corporation; 1991

10

ERIC Q18

Y
it



° Vet | How to

Success

o Solve Equations
ectronics w i th

Whole Numbers

Prerequisites:

Workbook users should understand:
« the concept of whole numbers

« the Distributive Law

o how to use inverse functions

« how to use order of operation

21



How to Solve Equations with Whole Numbers
[ e ]

How to Solve Equations with Whole Numbers

Focus

This lesson explains how to find the unknown value in an equation with whole numbers.

Job Examples

Job examples of when you will solve equations with whole numbers include calculating:
« current of electrical components
« resistance of circuits
« power of electrical devices

Key Words

Word Explanation Example
equation an equality with numbers and a+b=c
unknown values 3+5=8
I . . "
equality two mathematical quantities 2+3=5 il
separated by an equal sign (=),
the equal sign means the two (
quantities are equal
whole number a number that is not a fraction 1, 16, -238
I
unknown value a letter in an equation with a 7+x=20
| value that is not stated 5+y+z= .2 '
Distributive Law an algebraic concept stating x(y +2) =xy +xz
. ab+c)=a.b+asc 204 +2:3=2(4 +3)
|
math function a mathematical procedure addition (+), subtraction (-)
multiplication (+), division (+)

power (a®), root ()

©lIndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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How to Solve Equations with Whole Numbers

inverse function a math function that can be used add/subtract 7+2-2=17
to cancel a specific other math multiply/divide 7284 4
function powers/roots \ﬁi =7

©Industrial Technology Institute; Wayne Counly Communily College; Great Lakes Division, National Steel Corporalion; 1991
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How to Solve Equations with Whole Numbers

How to Solve Equations with Whole Numbers

Example 1: Resistance (R) is the ability of a device, material or component to oppose the flow
of electric current. Resistance is measured in ohms (2). You need to find the

resistance of a certain light bulb which is in a machine area. The resistance (R)
is given to you as 2(R + 20) - 110 = 0. What is the resistance (R)?

1. Rearrange each side of the equation using 2(R+20)-110=0

the Distributive Law:

alb+c)=asb+a-sc 2+R+2+20-110=0
2. Simplify each side of the equation. 2+ R+2°20-110=0

2.R+40-110=0

2+R-70=0
3. Solve the equation isolating the unknown 2.R-70=0
. variable to one side of the equation
using inverse functions; use inverse 2:R-70+70=0+70
functions as needed in this order:
+ addition and subtraction 2« R=170
« multiplication and division
+ powers and roots 2°R_T70
2 2
R=35Q
4, Check by substituting your answer for the 235 +20)-110=0
unknown value in the equation.
2(55)- 110 =0
110-110=0
0=0
©Industrial Technology Institute, Wayne County Community College; Great Lakes Division, National Steel Corporation, 1991 3
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Example 2: Current (1) is the flow of electrical charge. Current is measured in amps (A).

Tt - current (I) of a certain electrical machine connected in a series (end to
end) with another machine is represented by 40 + 10 « I = 100. What is the
current (I)?

1. Rearrange each side of the equation using 40 + 10 « I =100
using the Distributive Law:
alb+c)=a<b+a-c This step is not applicable to this
problem.
2. Simplify each side of the equation. This step is not applicable to this
problem.
3. Solve the equation isolating the unknown 40 +10 - I =100
variable to one side of the equation
using inverse functions; use inverse 40+10 . 1-40=100-40
functions as needed in this order:
. . addition and subtraction 10 I =60
. multiplication and division

10«1 60
. powers and roots s —
P 10 10
I=6A
4. Check by substituting your answer for the 40 + 10 - 6 = 100
unknown value in the equation.
40 + 60 = 100
100 = 100
©industrial Technology Institute; Wayne County Community College, Great Lakes Division, National Steel Corporation; 1991 4
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How to Solve Equations with Whole Numbers

[ o

Practice Problems

Read each problem and solve for the answer. Answers provided in the back of this workbook.

Some Practica Problems refer to the following information:
« resistance (R) -- the ability of a device, material or component to oppose the flow of
electrical current; it is measured in ohms (Q)
« current (I) -- the flow of electrical charge; it is measured in amps (A)

« power (P) -- in general, energy delivered or consumed per second; it is measured in
watts (W)

« voltage (V) -- electrical force or pressure; it is measured in volts (v)

1. A light bulb is a component in a circuit. The resistance (R) of a light bulb can be calculated
by solving the equation 12 = 4 « R. What is R?

2. A resistor is a component that controls the '___MM__.
flow of current and/or voltage in a circuit.
The voltage (V) of a certain resistor is resistor

represented by the equation, 3 » V + 25 = 40.
What is the voltage (V) of this resistor?

©lIndustrial Technology Instilute; Wayne County Community College; Great Lakes Division, National Steel Corporation, 1991 53



How to Solve Equations with Whole Numbers

3. You need to find the current (I) of a certain
circuit. The current (I) is represented as /
[ +5 =15. What is the current (I)? 1SA —i s
SA

N

4, Electric heaters can help keep motors dry from moisture. The current (I) of an electric
heater is represented by the equation 110 = 22 « I. What is the current (I)?

5. In physics, the time (t) in seconds it takes a certain vehicle to accelerate from 15 miles per
hour (mi/hr) to 35 mi/hr is given as 35 = 15 + 2 « t. How long does it take to reach 35 mi/hr?

©Industrial Technology Institute: Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 6
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How to Solve Equations with Whole Numbers

6.

8.

The current (D) of a certain electrical circuit can be calculated by the equation
8(I + 4) - 48 = 0. What is the current (I) of this circuit?

The resistance (R) of a certain electrical device +

connected in series (end to end) with another

device is represented by 70 = 20 + R. What is e VVVVVENVVY .
the resistance (R)? series connecton

Three resistances (R,, R,, and R,) together consume 25 watts (W) of power (P). R, consumes
8 watts of power (8 W). R, consumes 10 watts of power (10 W). R, consumes an unknown
power (P). If 8 + 10 + P = 25, what is the value of the unknown power (P

©Industrial Technology Institute: Wayne County Community College, Great Lakes Diuision, Nationai Steel Corporation, 1991 7
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9. The resistance (R) of a motor coil is represented by the equation (R + 10) 2 + 4 = 38. What
is the resistance (R) of the coil?

10. A transistor is a device that is used as an
amplifier or switch. A pin is the part of a
transistor that is used to connect the
transistor to other components. A particular
transistor has three pins connected to a
circuit. The current in one of the pins is / I \

. o
represented by 4 + I + 7 = 15. What is the PINS
current (I) of this pin? transistor
©lndustrial Technology Institute; Wayne County Community College; Great Lakes Division, Natwonal Steel Corporation; 1991 8
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Answers

1. 12=4+ R
12 _ 4R
4 4
3=RorR=3Q
Check:
12=4 .3
12 =12

2. 3+V+25=40

3V +25-25=40-25
3.V=15

3V _ 15

3 3

V =5 volts
Check:
3.+.5+25=40
15 + 25 = 40

40 = 40

I+56=15
[+5-5=15-5
I[=10A
Check:

10+5 =15

16 =15

2

3
S

How to Solve Equations with Whole Numbers

g



How to Solve Equations with Whole Numbers

g)l

©lndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Curporation; 1991

110=22. 1

10 | 221
22 22

5=IorI=5A
Check:
110=22. 1
110=22+ 5

110 = 110

35=15+2+t

35-15=15+2+t-15

20=2 .+ ¢
202
2 2

10 = t or t = 10 seconds
Check:

35=15+2 ¢
35=15+2+10

35 =15+ 20

35 =35

10



How to Solve Equations with Whole Numbers

6. 8(I1+4)-48=0
8.1+32-48=0
8.1-16=0

8:.1-16+16=0+16

8+.1=16
g§-1_16
8 8
I=2A
Check:
8(1+4)-48=0
8(2+4)-48=0
8(6) - 48 = 0
. 48 - 48 = 0
0=0
7. 70=20+R

70-20=20+R -20 -

50=RorR =50Q

Check:
70=20+R
70 =20 + 50
70 =70

11

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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8. 8+10+P=25
18+ P =25
18+P-18=25-18
P =7 Watts
Check:
8+10+P =25
8+10+7=25

256 =25

9. (R+10)2+4 =38
2R +20+4 =238
2R + 24 =38
2R +24-24=38-24

2R = 14

R=7Q

Check:
(R+10)2 + 4 =38
(7T + 10)2 + 4 = 38
(17)2 + 4 = 38

34 +4 =238

38 = 38

©lIndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation, 1991 12
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How to Solve Equations with Whole Numbers

10. 4.1+7=15
4¢1+7-7=15-17
4+1=8

4 1
4

a0

I=2A
Check:
4.1+7=15
42+7=15
84+ 7=15

15 =156

13
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How to Solve Equations with Decimal Numbers

Focus

resistance of circuits

Word

equation

equality

quantity

decimal point

decimal number

decimal place

+ voltage of electrical devices

Job examples of when you will solve equations with decimal numbers include calculating:

Job Examples
« current of electrical components

This lesson explains how to find the unknown value in an equation with decimal numbers.

Example

Key Words
— e
Explanation
an equality with numbers and

unknown values
two mathematical quantities separated

by an equal sign (=); the equal sign
means the two quantities are equal

numerical value

a dot between the ones place and
tenths place in a number

a number with a decimal point
between the ones place and
tenths place in a number

the position of a digit in a

number

a+b=c¢c
3.2+ 5.18 = 8,38

2+.3=2.5

6,9
3.2, 100.24, .6, 78.1

1.3, .5, 24.89, 110.75

231
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unknown value a letter in an equation with a value 7+x=20

. that is not stated S5+y+z=2.2
Distributive Law an algebraic concept stating x(y +2) = xy +xz
ab+c)=asb+acec 2¢4 + 2.3 =2(4 +3)
math function a mathematical procedure addition (+), subtraction (-)

multiplication (+), division (+)
power (a°), root (V)

inverse function a math function that cancels a add/subtract 7+2-2=17
74
=7

specific other math function multiply/divide

powers/roots \/—7_2 =7

ﬁ

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation, 1991 2
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How to Solve Equations with Decimal Numbers

Example 1: Current (1) is the flow of electrical charge. Current is measured in amps (A).
The current of a certain electrical device is represented by 2(I + 2.5) - 12.8 = 0.
You need to solve the equation in oider to find the current of the electrical device.

1. Rearrange each side of the equation 2I+25)-128=0
using the Distributive Law:
albb+c)=aebt+asc 2¢1+2+25-128=0
2. Simplify each side of the equation. 2.1+2+25-128=0

2.1+5-128=0

2.1-78=0
3. Solve the equation isolaiing the unknown 2.1-78=0
variable to one side of the equation
using inverse functions; use inverse 2.1-78+78=0+1738
functions as needed in this order:
+ addition and subtraction 2.1=178
 multiplication and division
20 78
« powers and roots — = Y
I=39A
4. Check by substituting your answer for the 2(3.9 +2.5)-128=0
unknown value in the equation.
2(6.4) - 128=0
128 - 128 =19
0=0
©lndusirial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Carparation; 1991 3
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e—

Example 2: Current (1) is the flow of electrical charge. Current is measured in amps (A).
The current (I) of a certain electrical machine connected in series (end to end)
with another machine is represented by 35.2 + 5 « I = 56.7. You need to solve

the equations in order to find the current of the machine.

1. Rearrange each side of the equation 35.2+ 5 [ =56.7
using the Distributive Law:
ab+c)=acb+asc This step is not applicable to the problem.

2. Simplify each side of the equation. This step is not applicable to the problem.

3. Solve the equation isolating the unknown 35.2+5 1 =567
variable to one side of the equation
using inverse functions; use inverse 35.2+5+1-35.2=56.7-3b6.2
functions as needed in this order:
+ addition and subtraction 5. 1=215
» multiplication and division
» powers and roots > 213
5 )
I=43A
4. Check by substituting your answer for the 35.2+5 » 4.3 =56.7

unknown value in the equation.
35.2 + 21.5 = 6.7

56.7 = 56.7

©lndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 4
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® o -
Practice Problems

Read each problem and solve for the answer. Answers are provided in the back of this workbook.

Some Practice Problems refer to the following information:
« resistance (R) -- the ability of a device, material or component to oppose the flow of electrical
current; resistance is measured in ohms (Q)
« current (I) -- the flow of electrical charge; it is measured in amps (A)
« power (P) -- energy delivered or consumed per second; it is measured in watts (W)
« voltage (V) -- electrical force or pressure; it is measured in volts (v)

1. Thermometers, the Electric Code Book, and Specifications don’t always follow the same
temperature scale. The formula for converting temperature from the Celsius scale (C) to the
Fahrenheit scale (F) is °F = 1.8 « °C + 32. What is the Celsius degree that is equal to
77 degrees Fahrenheit?

2. In physics, a ball was dropped from the top of a building. The ball fell at a speed of 6.2 meters
per second (m/s). The time (t) it takes the ball to reach a speed of 94.4 m/s is calculated by
solving 94.4 = 6.2 + 9.8 « t. How long did it take for the ball to reach a speed of 94.4 m/s?

©Industrial Technology Institute; Wayne County Community Cuollege; Great Lakes Diwvision, National Steel Corporation; 1991 59
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3. You need to find the current (I) of a certain circuit. The current is represented as
4.7 =1+ 3.2, What is the current?

4. A transistor is a device that is used as an
amplifier or switch. A pin is the part of the
transistor that is used to connect the transistor
to other components. A certain transistor has
three pins which are connected to a circuit. / l \

& pins

The resistance (R) in Kilo-ohms (KQ) connected

to one of the pins is represented by

15 =.01 « (R +400) + .7. What is the trans:stor
resistance (R)?

5. A resistor is a component that controls the flow — MNNN—o

of current and/or voltage in a circuit. You need
to find the voltage (V) across a certain resistor
that is connected in series (end to end) with
another device. To find the voltage, you need
to solve 2 « V + 12.8 = 25.2. What is the
voltage (V)?

resistors connectec :n ser:es

©Industrial Technology Institute; Wayne County Commaunity College; Great Lakes Division, National Steel Corporation, 1991
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6. You need to calculate the resistance (R) of a certain electrical device by solving the equation,
18.4 = 2.3 « R. What is the resistance (R)?

7. The resistance (R) of a certain electrical device R

connected in series (end to end) with two other ._/WW_._M,W_._M\,—Q

components is represented by the equation
.2 (R + 50) = 25. What is the resistance (R) of
this device?

8. A pin is the part of a transistor that is used to
connect the transistor to other components. A
particular transistor has three pins connected
to a circuit. The current (I) of one of the pins
is represented by 2 « 1+ 4.6 = 12. What is the /
current (I) of the pin?

® pins

transistor

©lndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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9. Resistances can be combined to obtain a total 22Q 33Q R
resistance. Three certain resistancesare 2.2 Q, AAAN AR AA AAAA
3.3 Q and R (unknown value) Q. The total

resistance of these three resistances can be
obtained by adding them together. If the total
resistance is 10.2 Q, what is the value of R?
(Hint: solve 2.2 +3.3+ R=102 Q)

®Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Carporation; 1991 8
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Answers
1. 77=18.°C+32

77-32=18.°C+32-32
45=18.°C

45 _ 18°C

e T cn————

1.8 18
25 =°C

Check:
77 =18 « 256 + 32
77 =45 + 32

77 =177

2. 944=62+98t

944-62=62-62+98+¢

88.2 =98 « t
882 _ 98t
98 98

9=tort=9seconds

Check:
944=62+98+9
944 =6.2 + 88.2

94.4 =944

©lndustrial Technology Institute; Wayne County Community Coliege; Great Lakes Division, National Steel Corporation; 1991 9
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47=1+3.2
47-32=1+32-3.2

15=IorlI=15A

Check:
47 =15+3.2

4.7 =47

15 = .01(R + 400) + .7
15=.01« R+4+.7
15=.01« R +4.7

15-47=.01« R+4.7-4.7

103=.01« R
103 OR
01 01

1030 = Ror R = 1030 Q

Check:

15 =.01(1030 + 400) + .7
15 = .01(1430) + .7

15 =143 +.7

156 =15

How to Solve Equations with Decimal Numbers
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5. 2.V +128=252
2.V +128-128=252-128
2.V=124

2V _ 124

2 2

V =6.2 volts

Check:
2¢62+128=252
124 + 12.8 = 25.2

25.2 = 25.2

. 6. 184=23. R

184 _ 23R
23 23

8=RorR=8Q

Check:
184 =23+ 8
18.4 = 18.4

©Industria! Technology Institute; Wayne County Community Collcge, Great Lakes Division, Nationa!l Steel Corporation; 1991
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7. 2(R +50) = 25
2«R+.2.50=25
2¢«R+10=25
2¢R+10-10=25-10
2+R=15

2R _ 15

2 2

R=75Q

Check:

.2(75 + 50) = 25

.2(125) = 25
25=25
8. 2.1+46=12

21+46-46=12-4.6

2.1=74

21 _ 74
2 2

I=37A

Check:
2¢37+46=12
74 +4.6 =12

12 =12

I 12

©lIndusirial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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9. 22+33+R=10.2
5.5 +R =10.2
55+R-55=102-565

R=47Q

Check:
22+33+47=102

10.2 = 10.2

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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o how to add, subtract, multiply and divide positive and
negative numbers

o the Distributive Law
o how to use inverse functions
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How to Solve Equations with Signed Numbers

Focus

This lesson explains how to find the unknown value in an equation with signed (positive and
negative) numbers.

Job Examples

Job examples of when you will solve equations with signed numbers include:
« calculating current, voltage and resistance of electrical circuits and devices
. converting °C (Celsius) to °F (Fahrenheit) and °F to °C

Key Words

Word Explanation Example

equation an equality with numbers and unknown a+b=c
values 3+5=8

equality two mathematical quantities separated
by an equal sign (=); the equal sign
means the two quantities are equal

whole number a number that is not a fraction 1, 16, 238, -5

unknown value a letter in an equation with a value 7+x=20 ,
that is not stated 5+y+z=2.2

Distributive Law  an algebraic concept stating x(y +2) =xy +xz '
ab+c)=a<b+a-cc 2.4+2+3=24+3)

math function a mathematical procedure addition (+), subtraction (-)

multiplication (. ), division (+)
“ower (a®, root (V)

inverse function a math function that can be used to add/subtract 7+2.2=17 Pr

cancel a specific other math function multiply/divide

function powers/roots

<18
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How to Solve Equations with Signed Numbers

Example 1: Resistance (R) is the ability of a device, material or component to oppose the flow
of electric current; it is measured in ohms (2). The resistance of a certain

electrical device is represented by the equation 2 + (50 - R) + 4 = 30. You need
to find the resistance (R) of this device.

1. Rearrange each side of the equation 2+(50-R)+4=30
using the Distributive Law:
alb+c)=asb+a-cc 2¢50-2+R+4=30
2. Simplify each side of the equation. 2+50-2«R+4=30

100-2+« R+4=30

104-2+« R=30
. 3. Solve the equation isolating the unknown 104-2+« R=30
variable to one side of the equation
using inverse functions; use inverse 104-2+ R-104 =30 - 104
functions as needed in this order:
+ addition and subtraction -2+ R=-74
 multiplication and division
« powers and roots - 2-R -7
-2 -2
R =37
4. Check by substituting your answer for the 2(60-37)+4=30
unknown value in the equation.
2+ 13+4=230
26 + 4 =30
30 =30

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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How to Solve Equations with Signed Numbers

Example 2: The manual states that a certain thermostat should read -25 degrees

Celsius (°C). The thermostat, however, gives readings in degrees

Fahrenheit (°F). The thermostat presently reads -13°F. You need to
convert the thermostat reading to Celsius to see if it is at the correct
temperature. To do this, you will use the formula °F = 1.8 » °C + 32,

1. Rearrange each side of the equation °F=18¢°C+32
using the Distributive Law:
alb+c)=a+sb+acc This step is not applicable to this
problem.
2. Simplify each side of the equation. This step is not applicable to this
problem.
3. Solve the equation isolating the unknown °F=18.°C+ 32
variable to one side of the equation
using inverse functions; use inverse -13=18+.°C + 32
functions as needed in this order:
+ addition and subtraction -13-32=18. °C +32- 32
« multiplication and division
« powers and roots -45 =18+ °C
-45 _ 18+°C
1.8 18
-25 =°C
4, Check by substituting your answer for -13 = 1.8 (-25) + 32
the unknown value in the equation.
-13 = -45 + 32
-13 =-13

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation, 1991
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Practice Problems

Read each problem and solve for the answers. Answers are provided in the back of this workbook.

1. In a series circuit, components are connected M M
end to end. In a series circuit, the algebraic Vv 12
sum of all component voltages is equal to zero.
You need to find the voltage of a certain
component connected in series which is
presented by 20 - V- 12 = 0. I

. 2. Current (1) is the flow of electrical charge.
Current is measured in amps (A). The
algebraic sum of all currents coming in and
going out of a point in an electric circuit is
equal to zero. This is shown in the equation
I+, +1,=0. Whatisl,if], is 12 A and
I,is -8 A? (Hint: 12 +1,-8=0)

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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3. You need to calculate the voltage (V) across a — MWWV EAMNN—0p
device connected in series (end to end) with series CIrcult
another device. This information is
represented by -3 « V + 38 = 14. What is the
voltage (V)?
4, In physics, the time (t) in seconds it takes a certain object to reach the speed of 10 feet per

second is calculated by 10 = 106 - 32 « t. What is the time (t)?

5. In physics, the time (t) in seconds it takes a certain vehicle to accelerate from 15 miles per
hour (mi/hr) to 35 mi/hr is given as 35 = 15 + 2 « t. How long does it take to reach 35 mi/hr?

©industrial Technology Institute; Wayne Counly Community College; Great Lakes Division, National Steel Corporation; 1991 5
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6. You need to calculate the voltage (V) across a — MWWEAANN——e
device connected in series (end to end) with sertes circutt
another device. This information is
represented by -2 « V + 20 = 6. What is
voltage (V)?
1. Resistance (R) is the ability of a device, material or component to oppose the flow of electric

current. The resistance (R) of a certain electrical device is represented by the equation
(20 - R) » 3 + 5 = 35. What is the resistance (R) of this device?

8. Current () is the flow of electrical charge. A particular electrical device has a current (I)
which is represented by 2 « I - 10 = -4. What is the current (I) of this device?

©Industrial Technology Institute; Wayne County Community College; Great Lahkes Division, National Steel Corporation; 1991
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9. In physics, the algebraic sum of all forces
acting on an object that is not moving is equal
to zero. This is shown in the equation
f +f,+f,=0. Iff is 25 lbs. and f, is -12 lbs,,
what is f,? (Hint: 25 +f,-12=0)

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, Nattonal Steel Corporation,; 1891 7
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Answers

1. 20-V-12=0
8-V=0
8-V+V=0+V

8 =VorV =8 volts

2. 12+Iz"8=0
4+1,=0
4+12'4=0'4
I,=-4A

3. -3.V+3=14

-3+V+38-38=14-38

-3 V=:24

-3 -3

V = 8 volts

4. 10=106-32- t

10 - 106 = 106 - 32 » t - 106

96 =-32+ ¢
-96 _ =32 ot
-32 -32

3 =tort=3seconds

©lIndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 8
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35=15+2+t

35-15=15+2.t-15

20=2. ¢
n_ 2e
2 2

10 =t or t = 10 seconds

2+ V+20=6

2+V+20-20=6-20

2. V=-14

2V _ -14
) 2

V=17V

(20-R)+3+5=35
60-3+ R+5=35
65-3+ R=35
65-3« R-65=35-65
-3+« R=-30

3+R _ -3
-3 -3

R=10Q

©Industrial Technology Institute; Wayne County Community College; Great Lahkes Division, National Steel Corporation; 1991
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8. 2.1-10=-4

2.1-10+410=-4+10

I=3A

9. 25 +f,-12=0
13+f,=0
13+£-13=0-13

f, = -13 lbs.

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, Nationa!l Steel Corporation; 1991 10
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How to Solve Equations with Scientific Notation

Focus

This lesson explains how to find the unknown value in equations with scientific notation.

Job Example

A job example of when you will solve equations with scientific notation is calculating current, voltage
and resistance of electrical circuits and devices.

Key Words

Word

equation

equality

quantity

unknown value

Distributive Law

math function

Explanation

an equality with numbers and
unknown values

two mathematical quantities separated
by an equal sign (=); the equal sign
means the two quantities are equal

numerical value

a letter in an equation with a value
that is not stated

an algebraic concept stating
ab+c)a.b+a-.c

a mathematical procedure

Example
a+b=c
3+5=8
2+3=5
6, 9

7+x=20

5+y+z=2.2

x(y +2) = xy + xz
204 +2+3 =2(4 +3)

addition (+), subtraction (-)
multiplication (), division (+)
power (a®), root (V)

©Inaustrial Technology Institute; Wayne County Communily College; Great Lakes Diuision, Natiocnal Steel Corperation; 1991 1
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inverse function a math function that can be used add/subtract 74+42-2=7
to cancel a specific other math multiply/divide 18 .4
function powers/roots \/7’ -7
exponent a number that tells how many times 103=10+ 10+ 10
a certain other number is multiplied 3 is the exponent
by itself
base a number with an exponent 8t

8 is the base

power of 10 the number 10 with an exponent 107, 10%, 10
scientific a way to represent a number; 823,000 = 8.23 . 10°
notation . a number written in scientific .0000009 = 9+ 107

notation is & number (between 1
and 10) multiplied by 10 raised
to a specific exponent.

©lndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation, 1991
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How to Solve Equations with Scientific Notation

Example 1: Resistance (R) is the ability of a device, material or component to oppose the flow
of electrical current; it is measured in ohms (2). You need to find the
resistance (R) of a certain device which is represented by

2.+ 10%(4 » 10° +R) + 5 = 25. What is the resistance (R) of this device?

1. Rearrange each side of the equation 2+10°(4+10°+R)+5=25
using the Distributive Law:
ab+c)=aeb+asc 2¢10%°¢4.+10°+2+ 10°« R+5=25
2. Simplify each side of the equation. 2¢10%2¢4+10°+2+10°« R+5=25

8. 10°+2+ 10 R+5=25
8¢1+2+10° R+5=25
8+2+.10°« R+5=25

13+2.10°« R=25

3. Solve the equation isolating the unknown 13+2+ 10« R=25
variable to one side of the equation
using inverse functions; use inverse 13+2+10°« R-13=25-13
functions as needed in this order:
« addition and subtraction 2+ 10°« R=12

« multiplication and division
2010%R __ 12

» powers and roots
201072 20107

12
2107

R =

1210
2

R

R=6.10°Q

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1591 3
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How to Solve Equations with Scientific Notation

' 4. Check by substituting your answer for the 2+10°(4+10°+6°*10% +5 =25
unknown value in the equation.
.002(4000 + 6000) + 5 = 25
.002 (10,000) + 5 = 25
20+5=25

26 =25

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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Example 2: Current (1) is the flow of electrical charge; it is measured in amps (A).
In a series circuit, components are connected end to end. You need to find
the current of a series circuit which is represented by 4 + 10° + I + 4 = 10.
What is the current (I) of this circuit?

1. Rearrange each side of the equation 4¢1001+4=10
using the Distributive Law: This step is not applicable to this
ab+c)=acb+acsc problem.
2. Simplify each side of the equation. This step is not applicable to this
problem.
3. Solve the equation isolating the unknown 40 10°¢1+4=10
variable to one side of the equation
using inverse functions; use inverse 4¢010°1+4-4=10-4
functions as needed in this order:
+ addition and subtraction 4+ 10°1=6
« multiplication and division
4+10° 6
+ powers and roots —_— e = —
‘ 4¢10° 4.10°
[ 6107
4
I=15 10°A
4. Check by substituting your answer for the 4+ 10°¢ 1.5 ¢ 10°+ 4 =10

unknown value in the equation.
4+ 15+ 10°¢« 10°+4 =10

6¢ 10°+4=10
61+4=10
6+4=10

10 =10

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, Nt tional Steel Corporation; 1991
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]
‘ Practice Problems

Read each problem and solve for the answer. Answers are provided in the back of this workbook.

Some Practice Problems refer to the following information:
« resistance (R) -- the ability of a device, material or component to oppose the flow of electrical
current; it is measured in ohms (Q)
« current (I) -- the flow of electrical charge; it is measured in amps (A)
« voltage (V) -- electrical force or pressure; it is measured in volts (v)

1. The resistance (R) of a certain device connected _'D'_‘_D__

in series (end to epd) with anotl}er device can be devices connected In series
calculated by solving the equation
R+22.10°=4.7 . 10°. What is the
resistance (R) of this device?

2. The current (I) of a certain component is represented by the equation 2 + 10° =9 « 10° - L.
What is the current (I) of this component?

Olndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corparation; 1991
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3. A capacitor is an electrical device that stores
electrical charge. Capacitance (c) is the ability of | (
a capacitor to store electrical charge. l \
Capacitance (c) is measured in Farad (F). The
capacitance (c) of a certain capacitor can be capacitor

calculated by solving the equation
12+ 10° =c + 4 + 10°. What is the
capacitance (c) of this device?

. 4. A transistor is a device that is used as an
amplifier or switch. A pin is the part of a
transistor that is used to connect the transistor
to other components. A certain transistor has 3
pins which are connected to a circuit. The ] I \

-

resistance (R) connected to one of the pins is
represented by 18 =5+ 10° (R + 400 « 10%.
What is the resistance (R) of this pin? transistor

L ins

©Indusirial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation, 1991 7
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5. The current of a particular device is givenby 4 « 10* (I1- 2+ 10°) - 10 = 0. What is the
current (I) of this device?

6. The voltage (V) of a certain electrical circuit is represented by —Y_(;‘_: « 10°. What is the

el

voltage (V) of this circuit?

7. The current of a particular device is given by 60 « 10° + I = 150 » 10°. What is the current
(I) of this device?

©Industrial Technology Institute; Wayne County Communuity College; Great Lakes Division, National Steel Corporation; 1991
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8. The resistance (R) of a certain device is given the equation 3 «+ 10* « R = 15. What is the
resistance (R) of this device?

9.  You need to find the current (I) of a circuit which is represented by the equation
5+ 10* « I = 20. What is the current (I) of this circuit?

10. What is the current (I) of a device represented by the equation 2 ¢« 10°(I +2 » 10°) - 12 = 0?

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation, 1991 9
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Answers

1. R+22.10°=47.10°
R+22+10°-22.10°=47.10°-22.10°
R=47.10-22.10°
R = 4700 - 2200

R = 2500 Q

2. 2.10°=9.10°-1
2.10%-9.10°=9.10°-1-9. 10°
2.10°-9. 10° =-

.002 - .009 = - I

-007=-1

. -007 _ -1

-1 -1
007 =1

1=.07T7TA

3. 12.10%=c+4.10°
12.10%-4. 10°=c+4 .+ 10°-4.10°
12. 10%-4 . 10%=¢c
.000012 - .000004 = ¢
.000008 = ¢

¢ = .000008 F

I ©lIndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 10
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4. 18=5. 10°(R + 400 - 10%
18=5+ 10%« R+5+ 10%. 400 « 10°
18=5+10°« R+ 5+ 400+ 10+ 10°
18 =5+ 10° +R + 2000 + 10
18=5.10%« R+ 2000 « 10°
18=5+10°¢ R+ 2
18-2=5+10%« R+2-2

16=5+10°« R

16 _ 510 ¢
5¢10¢  5+10°

16
5+10°

16:10° _ ¢
5

32.10°=R

R=32.10°Q

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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How to Solve Equations with Scientific Notation

5. 4.100°(1-2+10%-10=0
4'10"1-4;10"2'10""-10=0
410« 1-4.2410°10°-10=0
4+10°+1-8.10'-10=0
4.10'-1-80-10=0
4.100.1-90=0
4.10°«1-90+90=0+90

4.+ 10 1=90

4010°«1 _ 90
4¢10* 4.10*

__S0
4« 10*

[ = 90e10*
4

[=225+ 10" A

6. —V— =7.10°
2+104
Y . 2.10°=7.10%. 2. 10*
20104

V=7.2.10°%. 10*

V=14 .10
V=14 .10
V=140v
Olndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporetion; 1991 12
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How to Solve Equations with Scientific Notation

7. 60.10°+1=150. 107
60+ 10°+1-60. 10° =150+ 10°-60 « 10°
I=150.10°-60 . 10°
[=.15-.06
I=.09A

8. 3.10*«R=15

3010% g _ 1S

30107 3107

15
310"

15¢10%
3

R =

R=5.10'Q

9. 5.10'-1=20

S5e10%I _ 20
5¢10¢ 510
1= 20
510
[= 200107
5
I=4.10"A

Oindustrial Technology Institute; Wayne County Community College; Greal Lakes Division, National Steel Corporation; 1991
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How to Solve Equations with Scientific Notation

10, 2. 10°(1+2+109-12=0
2410 1+2¢10%¢ 2+ 10°-12=0
24 10°¢1+2¢20¢10%¢10°-12=0
2¢10°¢1+40¢10°-12=0
2¢100¢1+4¢1-12=0
210 1+4-12=0
2+1001-8=0
2¢10°¢1-8+8=0+8

2.10°.1=8

20108 [ _ _8

S ee————

20108 20106

[= -8

. 20108

¢ 106
[ 810
2

I=4.10°A

©industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 14
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Prerequisites:
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« the concept of squares and square roots
« how to find the square of a number

« how to find the square root of @ number
« the Distributive Law

« how to use inverse functions

« how to use order of operation
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How to Solve Equations'with Squares and Square Roots

Focus

This lesson explains how to find the unknown value in an equation with squares and/or square roots.

Job Examples

Job examples of when you will solve equations with squares and square roots include:
« using formulas for power to solve electrical problems
. solving for the parameters of circuits containing resistors, coils and capacitors

Key Words

Word Explanation Example

equation an equality with numbers and a+b=c
unknown values 3+5=8

. equality two mathematical quantities x*=4+12

separated by an equal sign (=); the
equal sign means the two quantities
are equal

exponent a number that tells how many times XX=xeXx
a certain other number is multiplied 2 is the exponent
by itself

square of a the product of a number multiplied 82=8.8 =64

number by itself; squared numbers are 52=5.5=25
represented with an exponent of 2

square root a number that when multiplied by 2.2=40r2=/4
itself results in a given number 3.3=9%90r3=,9

unknown value a letter in an equation with a value 7+x=20
that is not stated 5+y+z=2¢2

Distributive Law an algebraic concept stating x(y +2)=xy+xz
alb+c)=aeb+asc 24 + 243 = 2(4 +3)

©lIndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 1




How to Solve Equations with Squares and Square Roots

math function a matheinatical procedure

inverse function a math function that can be used

to cancel a specific other math

function

addition (+), subtraction (-)
multiplication (), division (+)
power (a’,) root (V)

add/subtract 7+2-2=17

multiply/divide T4 7

powers/roots \,/? =7

Oindustrial Technology Institute, Wayne County Community College; Great Lakes Liivision, National Steel Corporation; 1991 2
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How to Solve Equations with Squares and Square Roots

How to Solve Equations with Squares and Square Roots

Example 1: Understanding how to calculate the speed (V) of a falling object is a basic

principle of physics. The speed of a particular falling object is represented by:
20 + 2(6 - V?) = 0. At what speed is this object falling?

1. Re-arrange each side of the equation
using the Distributive Law:
alb+c)=a+bt+a-c

2. Simplify each side of the equation.

3. Solve the equation isolating the unknown
variable to one side of the equation
using inverse functions; use inverse
functions as needed in this order:

« addition and subtraction
 multiplication and division

« powers and roots

4. Check by substituting your answer for the
unknown value in the equation.

©Industrial Technology Institute, Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991

20 +26-V)=0
20+12-2V¢F =0
20 +12-2V¢ =0
32-2V¢ =0
32.2V¢ =0

32.2V2+ 2V2 = ( + 2V?
32 = 2V?

N

18]

<
[

32
2 2

16 = V*
V16 = W2

vie =V
4=V

20 + 26 - () =0

20 +2(6-16) =0

20+12-32=0
32-32=0
0=0



How to Solve Equations with Squares and Square Roots

Example 2: Resistance (R) is the ability of an electrical device, material or component to
oppose the flow of electric current. The resistance (R) of a particular elect: ‘al

device is represented by 10 = yR¥+64. What is the resistance (R)?

1. Re-arrange each side of the equation 10 = yR*+64
using the Distributive Law:
ab+c)=aesb+a-cc This step is not applicable to this problem.
2. Simplify each side of the equation. This step is not applicable to this problem.
3. Solve the equation isolating the unknown 10 = yR¥+64
variable to one side of the equation
using inverse functions; use inverse (10 = (YR*+ 68 )°
functions as needed in this order:
. addition and subtraction 100 = R* + 64
« multiplication and division
« powers and roots 100 - 64 =R* + 64 - 64
o oo
V36 = R?
V36 =R
6=R
4. Check by substituting your answer for the 10 = /63 +64
unknown value in the equation.
10 = V36 +64
10 = y160
10 =10

©Industrial Technology Institute; Wayne County Community College, Great Lakes Division, National Steel Corporation,; 1991
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How to Solve Equations with Squares and Square Roots

Practice Problems

Read each problem and solve for the answer. Answers are provided in the back of this workbook.

Some Practice Problems refer to the following information:
« resistance (R) -- the ability of a device, material or component to oppose the flow of
electric current; it is measured in ohms (Q2)
« current (1) -- the flow of electrical charge; it is measured in amps (A).

« power (P) -- in general, energy delivered or consumed per second; it is measured in
watts (W).

« voltage -- electrical force or pressure; it is measured in volts (v).

1. A 100 W (P) light bulb has 25 Q resistance (R). Calculate the bulb’s current (I) using the
formula P = I’R.

2. A particular machine has a resistance (R) of 50 Q. It draws a current (I) of 4 A. Calculate
the machine’s power (P) using the formula P = ’R.

3. A particular machine has 100 W of power (P), and a resistance (R) of 25 Q. Calculate the
machine’s voltage (V) using the formula V = /PR

OIndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 o
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4, An instrument operating at 110 v has a resistance (R) of 100 Q. Calculate the instrument’s

power (P) using the formula P = %2-.
5. A 500 W (P) instrument is operating at 110 v. Calculate its resistance (R) using the formula
=¥
R =
6. A floor and wall meet at a 90 degree angle
(90°). A wall and the ceiling also meet at 90°. ¢

A right triangle is a triangle with a 90° angle.
In any right triangle, the sides (a, b, and ¢)
are related by the formula ¢ = a? + b?. If

a is 6 and b is 8 in a particular right triangle, P—
what is c?

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, Nationa! Steel Corporation; 1991
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How to Solve Equations with Squares and Square Roots

7. A right triangle is one in which there is a
90 degree angle; the sides (a, b, and ¢) are
related by the formula ¢® = a® + b% If a is 30

and c is 50, what is b? ¢ =50
as30
e b
8. Two forces (F, and F,;) are pushing on an '
object at a 90° angle from each other. If F, is
24 lbs. and F, is 32 lbs., calculate the total
force on the object using the formula I E
FT2 = F12 + F22. | 1
9. The time (t) in seconds it takes for an object falling from a specified height (h) in feet to hit

the ground is calculated with the formula: t = —‘/;5. If an object fell from a height (h) of
100 ft, how much time (t) will it take for that object to hit the ground?

©Industri |l Technology Institute; Wayne County Community College; Great Lakes Divicion, National Steel Corparation; 1991 7
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Answers

1. P=IR
100=1*. 25
100 _ I%-25
25 25
4 ="
V& = V1t
2=1

2. P=IR
P=4*.50
P=16.50
P=800W

3. V= PR
V = /100 25 = y2,500 = 50 volts

4, p= Y

R

p= 110% _ 12,100 _
100 100 121 W

How to Solve Equations with Squares and Square Roots

251



How to Solve Equations with Squares and Square Roots

=V
5 R 5
_ 110
R 500
_ 12,100
R 500
R = 24.2Q
6. ¢t =a’+b
c2 - 62 + 82
¢’ =36 + 64
¢ =100
yei = y100

. c=10

. ¢=at+b
50° = 30° + b*
2,500 = 900 + b?
2,500 - 900 = 900 + b? - 900
1,600 = b?
V17600 = vb?

40=>b

©lndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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F’r2 = F12 + F22

F;? = 24 + 32°

F? = 576 + 1,024

F2 = 1600
JFr? = V1,600
F; =40 1bs

4
t = 11@0
4
_ 10
t 4

t = 2.5 seconds

How to Solve Equations with Squares and Square Roots

25

v
L}

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steei Corporation, 1991
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o -
How to Solve Equations with Fractions

Focus

This lesson explains how to find the unknown value in an equation with fractions.

Job Examples

Job examples of solving equations with fraction reciprocals include:
. calculating voltage output of transformers
. calculating the mechanical advantage of various tools
. calculating current in parallel circuits
« calculating voltage in series circuits

Key Words
Word Explanation Example
®
equation an equality with numbers and % + -cd =X
Y
unknown values or
2 1.1
3 3 3
equality two mathematical quantities separated :l‘- = %
by an equal sign (=); the equal sign
means the two quantities are equal
fraction two numbers separated by a fraction l. % b4
X Z
bar; the top number is the numerator,
the bottom number is the denominator
numerator the top number of a fraction -g, %
©Industrial Technology Institute, Wayne Counly Communuty College, Great Lakes Division, National Steel Corporation, 1991 1
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How to Solve Equations with Fractions

” denominator - 5e bottom number of a fraction L3 g
y

. reciprocal one divided by a number -é is the reciprocal of —91-

l unknown value a letter in an equation with a LI —2-x - X
10 10 10

value that is not stated a 515
4 6 24
2,y,2.3,:¢2
3 3 3 4 S
math function a mathematical procedure addition (+), subtraction (-)

multiplication («), division (+)
power (a°), root (V)

Distributive Law an algebraic concept stating x(y +2) = Xy + xz
. ab+c)=a.b+acc 2¢4 + 243 =2(4 +3)
inverse function a math function that can be used 7+2-2=7
to cancel a specific other math 7 ; 4 .9
function \/'F =7

©lindustrial Technology Institute, Wayne County Commun.iy College; Great Lakes Diuision, National Steel Corporation, 1991
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How to Solve Equations with Fractions

Example 1: The number of pumps required in a certain job is represented by l

% (B-8) = 6. How many pumps are required for the job?

1. Rearrange each side of the equation % B-8) =6
using the Distributive Law:
ab+c)=asb+a.c 3.8+ 38~
( : B) 28 - 6
2. Simplify each side of the question. (% . B) . %(-8) =6
(g. e Bl - (_zi) =6
4 4
3
~e+B|-6=6
(3]

©industral Technology Institute, Wayne Counily Cur;zmunu_v College, Great Lakes Division, Naitonal Steel Corporation, 1991
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3. Solve the equation isolating the unknown

variable to one side of the equation
using inverse functions; use inverse
functions as needed in this order:

. addition and subtraction

« multiplication and division

« powers and roots

4. Check by substituting your answer for the

©lndus

unknown value in the equation

How to Solve Equations with Fractions

3
3.8|-6-
(8] -e -
3
(—-ﬂ-6+5=6+6
4
éoB:lz
é.oBf_s.cIng.
4 4 4
éoB*Sal2c£
4 3 3
B = %

3
B =16

16 pumps are required for the job.

3
= (16 -8) =6
i )

trial Technology Institute. Wayne County Community College, Great Lakes Division, National Steel Corporation, 1991
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What is t?

1. Rearrange each side of the equation

using the Distributive Law:
alb+c)=aesbtasc

2. Simplify each side of the question.

3. Solve the equation isolating the unknown
variable to one side of the equation
using inverse functions; use inverse

. functions as needed in this order:
+ addition and subtraction
« multiplication and division

+ powers and roots

4. Check by substituting your answer for the

unknown value in the equation.

Olndustrial Technology Institute, Wayne County Community College; Greai Lakes Diviston,

How to Solve Equations with Fractions

Example 2: A car is accelerating from 10 mph (miles per hour) to 30 mph. In physics,

1

the time (t) in seconds it takes to do this is represented by 30 = 10 + — o .

L 4

=10 - Lot
2

This step is not applicable to this
problem.

This step is not applicable to this
problem.

1
30 =10+ Lot
"2

30-10-10+%°t-10

20-_l.ot
2
20*1-1.(01
2 2 2
2 1 2
Weoe = =0t —
1 2 1
40 =t
t = 40 seconds
30 =10 + = » 40
2
30-10«(1.40)
2
30 =10 + 20
30 = 30

National Steel Corporation. 1991
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How to Solve Equations with Fractions

S ——

Practice Problems

Read each problem and solve for the answer. Answers are provided in the back of this workbook.

1. A transformer is a device that increases or decreases voltage ans/or current. The relationship
of a transformer’s input voltage (V,) and current (I,), and its output voltage (V;) and

. v
current (1), is given by [, = I, Vl If I, = 20 amps, V, = 110 volts, V, = 220 volts, what is I,

2

2. Resistance (R) 1s the ability of a device to oppose the flow of electric current.
The following formula is used to show the resistance relationship of two wires:
A
R =2 R,
R, represents the resistance of wire 1.
R, represents the resistance of wire 2.
A, represents the cross-sectional area of wire 1.
A, represents the cross-sectional area of wire 2.

If A, = 20, A, = 10, and R, = 100, what is R,?

Olndustrial Technology Institute; Wayne County Community College, Great Lakes Dinston, National Steel Corporation, 1991 6
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3. Mechanical advantage (MA) is a term that
describes how much easier a job will be due to
using a specific tool. Mechanical advantage of
a bolt cutter is calculated with the formula:

D,

D,

D, is the length of the first arm.
D, is the length of the second arm.

MA -

What is the mechanical advantage (MA) when
D, is 20 inches and D, is 1 inch?

How to Solve Equations with Fractions

0
1 0,

4. What is the mechanical advantage (MA) when D, is 51 inches and D, is 3 inches?

5. A current (I) entering two resistors (R, and R;)
will split into two currents (I, and L). The
following formula calculates the value of I;:

I
I = = R’. If R, is 20, R, is 30, and

1
+
1

[is 10, what is I,?

©Industrial Technology Institute; Wayne County Community College; Greas Lakes Div
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) IR
6. I, is calculated by the formula L, = o L. IfR,is 5, R, is 10, and I is 30, what is I,?
1

7. The resistance (R) of a parallel circuit is

represented by: R = £ > 3;% What is the

resistance (R)? A 20 30
8. Power in general is energy delivered or consumed per second. The power (P) of a circuit is

given by 2 = % What is the power?
©industrial Technology Institute; Wayne County Community College; Great Lakes Diuision. National Steel Corporation; 1991 8
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9. Resistiviuy is the specific resistance of a material. The resistivity (R) of a wire is given by

50 = p -:-g What is the resistivity (R)?

10. The resistance (R) of a component is given by 2 = -?—'——é— What is the resistance (R)?

©Indusirial Technology Institute, Wayne County Communily College, Great Lakes Division, Netional Steel Corporation; 1991
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Answers
vl
1. [=1 . v where: I, =20, V, = 110 and V, = 220
2
I, = 20 10
220
1
6 = 20 s -
L 2
I‘l = .?'_o. = 10
2

2. R1=-23'R.,whereA2=20,Al=10andR.,=100
[}

R, = 2. 100
10

R, = 2000 _ 900
10
Dl _
3. AIA._.— Whe!‘eD1=20&ndD2—1
DZ
MA = 2 =20
1
D, _
4. MA = — where D, =51and D, =3
DZ
51 -
MA = — =17
® ;
©ind. tral Technulogy Institute. Wayne County Communuty College; Great Lakes Diuision, National Steel Corporation, 1991 10
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where R, =20, R, =30 and [ = 10

where R, =5, R, = 10 and I = 30

[=l. —2
1+ Ry
=10+ —2
20+30
Il=10.—£
Il=.3£p.=6
SO
R
L=l =
R+ R,
12—30. 5
5+10
I,z .!E_o.:lo
18
R . 20430
20 « 30
=60 _ 6.
50 h)

©industrial Technology Institute; Wayne County Community College,

Great Lakes Division, Nationai Steel Corporation. 1991
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10.

2:10= L ¢10
10

20 =P

SO:po.!.Q

50'10=p0£040

2000 = p ¢ 10

2000 p 10
10 10

200 =

2(5 ~ = o= e (§ -

25+ R) =205
2(5 + R) = 100

2(5-R) _ 100
2 2

S-R =3

S-R-5=50-5

R =45

Olndusirial Technology Instttute, Wayne County Communuty College.
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How to Solve Non-Linear Equations with Whole Numbers

Focus

This lesson explains how to find the unknown value in non-linear equations.

Job Examples

Job examples of when you will solve non-linear equations include:
« calculating current and voltage of electrical circuits
« calculating resistance and power of electrical devices

Key Words
Word Explanation Example
equation an equality with numbers and a+b=c
. unknown values 3+5=8
equality two mathematical quantities 2+3=5
separated by an equal sign (=);
the equal sign means the two
quantities are equal
quantity numerical value 6,9
whole number a number that is not a fraction 1, 16, 238, -5
non-linear any equation with one or both of y = 25
X
equation the following conditions: Xey=3
« the unknown values (two values or y = 4x*
more) have powers greater than one
« the unknown values are multiplied
and/or with each other
unknown value a letter in an equation with a value 7+x=20
that is not stated S5+y+z=2e2
©lndustrial Technology Institute; Wayne County Cormnmunity College; Great Lakes Division, National Steel Corparation; 1991 1
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Distributive Law an algebraic concept stating X(y + 2) = xy +xz
abb+c)=a+b+aec 204 + 23 =2(4 +3)
math function a mathematical procedure addition (+), subtraction (-)

multiplication (+), division (+)
power (a®), root (V)

inverse function a math function that can be used add/subtract 7+2-2=17
to cancel a specific other math multiply/divide 7+4 .4
function powers/roots \ﬁi = 7

©Industrial Technology Institute; Wayne County Community College; Great Lahkes Division, National Steel Corporation; 1991
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How to Solve Non-Linear Equations with Whole Numbers

How to Solve Non-Linear Equations with Whole Numbers

Example 1: Current (1) is the flow of electrical charge; it is measured in amps (A). You

need to find the current (I) of a certain electrical device which is represented by

8+ 4(5+ 2. I*) = 100.

1. Rearrange each side of the equation
using the Distributive Law:
ab+c)=a+b+arc

2.  Simplify each side of the equation.

3. Solve the equation isolating the unknown
variable to one side of the equation
using inverse functions; use inverse
functions as needed in this order:

» addition and subtraction

» multiplication and division
+ powers and roots

4. Check by substituting your answer for the
unknown value in the equation.

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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8+4(5+2« I*)=100

8+4¢5+4+2+.=100

8+4°5+4+2+=100
8+20+8.«I°=100

28 + 8 « I* = 100

28 + 8+ [*.28 = 100 - 28

8+ " =172

8§:F_72
8 8

=9

VB =5

1=3

8+4(5+2+3)=100
8+4(5+2+9)=130
8 + 4(5 + 18) = 100

8 + 4(23) = 100

8 +92 =100

100 = 100
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@

Example 2: Power (P), in general, is energy delivered or consumed per second; it is
measured in watts (W). You need to find the power (P) of a certain circuit

which is represented by yP*+27 = 6.

1. Rearrange each side of the equation yP2+27 =6
using the Distributive Law:
ab+c)=aeb+a-c This step is not applicable

to this problem.

2. Simplify each side of the equation. This step is not applicable to this
problem.
3. Solve the equation isolating the unknown yP2+27 = 6
variable to one side of the equation
using inverse functions; use inverse (yP*+27) = (6
functions as needed in this order:
. addition and subtraction P? +27 =36
. « multiplication and division
« powers and roots P? + 27 .27 =36 -27
P2=9

B =
P=3

4, Check by substituting your answer for the y32+27 =6
unknown value in the equation.
V9+27 =6

V36 = 6
6=6

©lIndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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(5

Practice Problems

Read each problem and solve for the answer. Answers are provided in the back of this workbook.

Some Practice Problems refer to the following information:
« current (1) -- the flow of electrical charge; it is measured in amps (A)
- voltage (V) -- electrical force or pressure; it is measured in volts (v)
. resistance (R) -- the ability of a device, material or component to oppose the flow of electrical
current; it is measured in ohms (Q)
- power (P) -- in general, energy delivered or consumed per second; it is measured in watts (W)

1.  The current (I) of a certain electrical circuit can be calculated by solving 100 = I* » 25. What
is the current (I) of this circuit?

. : o - v?
2. You need to find the voltage (V) of a certain electrical circuit which is represented by 27 = 3
What is the voltage (V)?
©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 53
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3. In physics, a force (F) is measured in pounds (Ibs). A certain force (F) acting on an object is
represented by the equation yF?+9 = 5. What is the force (F)?

4. The resistance (R) of a particular device is represented by yR*+64 = 10. What is the
resistance (R) of the device?

5. You need to find the power of a certain circuit which is epresented by yP?+24 = 7. What is
the power (P)?

©lIndustrial Technology Institute; Wayne County Communily College; Great Lakes Division, National Steel Corporation: 1991
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PR e, e . e e

6. In physics, the time (t) in seconds it takes a falling object to reach a distance (D) in feet is
given by D = 16 + t*, If D = 64 feet, what is t?

7.  What is the power (P) of a certain electrical circuit represented by the equation 3 = E ?

8. The resistance (R) of a certain device can be calculated by solving the equation 10 = V4°R.
What is the resistance (R)?

Olndustrial Technology Institute; Wayrne County Community College; Great Lakes Diuision, National Steel Corporation; 1991
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9. The current (I) of a certain electrical circuit can be calculated by solving the equation
2(3 « I? + 10) = 44. What is the current (I) of this circuit?

2
10. The voltage (V) of a certain electrical circuit can be calculated by solving the equation 8 = %

What is the voltage (V) of this circuit?

©Industrial Technology Institute; Wayne County Community College; Great Lakes Diviston, National Steel Corporation; 1991 8
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How to Solve Non-Linear Equations with Whole Numbers

Answers

1. 100=I".25

100 _ Pe2s
25 25

4="T

=

2=JorI=2A
2
9. 27=2
3
2
3.27=2 .3
3
81 = V?

81 = {7

9=VorV=9volts

3. JF+9 =5
(yF?+9)? = 5

F2+9=25
F2+9.9=25-9
F" =16

VB = /16
F=41bs

©industrial Technalogy Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 9
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How to Solve Non-Linear Equations with Whole Numbers

4. (R*+64 =10
(yR?*+64) = (107
R? + 64 = 100

R? + 64 - 64 = 100 - 64

R? = 36
R? = /36
R=6Q

(yP2+24 ) = (T

P? +24 =49

. P? + 24 -24 = 49 - 24

p? =25

VB = /25
P=5W

6. 64=16. t

64 _ 16et
16 16
4 =t

/i - B

2 =tort =2 seconds

@ 10

©lndustrial Technology institute; Wayne County Community College; Great Lakes Division, National Steel Corporation, 1991
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9.2=2.9
2

18=PorP=18W

10=y4 R
(107 = (y4+R)?

100=4 « R
100 _ 4R
4 4

25=RorR=25Q

23 « I* +10) = 44
231°+2.10=44
6+ IP+20=44

6« P+20-20=44-20

6. P=24
61 _ 2%
6 6

[?=4

/P
I=2A

How to Solve Non-Linear Equations with Whole Numbers

©Industrial Technology Institute; Wayne Counly Community College; Great Lakes Division, National Steel Corp
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How to Solve Non-Linear Equations with Whole Numbers

2
10. s=Y-2-
2
g.2=Y .2
2
16 = V2

Vi6 = V2

4 =VorV=4volts

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporaltion; 1991
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Math

for
Success

in
Electronics

How to
Solve Linear
quations
by
Transposing

Prerequisites:

Workbook users should understand:

. how to work with decimal numbers

«  how to work with base numbers and exponents
« the Distributive Law

« how to use inverse functions

« how to solve equations

« how to use order of operation
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' How to Solve Linear Equations by Transposing
How to Solve Linear Equations by Transposing

Focus

This lesson explains how to solve linear equations by transposing.

Job Examples

Job examples of when you will solve linear equations by transposing include calculating:
« current of electrical components
« resistance of circuits
. power of electrical devices

Key Words
Word Explanation Example
equation an equality with numbers and unknown a+b=c
. values 3+5=8
equality two mathematical quantities separated 2+3=5

by an equal sign (=); the equal sign
means the two quantities are equal

unknown value a letter in an equation with a value that 7+x=20
" is not stated 5+y+z=2.2
Il linear equation any equation with both of the x+y=3
following conditions: 2a+5b=7

« the unknown values (two values or
more) have powers of one

« the unknown values (two values or
more) cannot be multiplied or divided
with each other

term in algebra, a number or letter; can also 80,X% 4+« A« B, y

be a number and/or letters combined by
" multiplication or division

Olndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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transposing

Distributive Law

math function

inverse function

How to Solve Linear Equations by Transposing

moving a term with its associated
function (or moving the function
alone) from one side of the equation
to the other side and using the
inverse function

an algebraic concept stating
alb+c)=asb+aec

a mathematical procedure

a math function that can be used to

cancel a specific other math function

312

A+2=14
A=14-2

x(y +2) = xy + xz
2-4"‘2'3=2(4+3)

addition (+), subtraction (-)
multiplication («), division (+)
power (a®), root (V)

7+2-2=17
7-4_7

Vi =1

add/subtract
multiply/divide

power/root

©Industrial Technology Institute; Wayne County Community College; Great Lakes Diwvision, National Steel Corporation; 1991 2
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How to Solve Linear Equations by Transposing

Example 1: Resistance (R) is the ability of a device, material or component to oppose the flow
of electric current. Resistance is measured in ohms (Q). You need to find the

resistance (R) of a generator coil. The information you have is 4R + 5) + 8 = 52.
What is the resistance (R) of the coil?

1. Rearrange each side of the equation 4R +5)+ 8 =52
using the distributive law:
ab+c)=ab+a.c 4«R+4-5+8=52

4+ R+20+8=052

2. Simplify each side of the equation. 4+ R+20+8=52
4+« R +28 =52
. 3. Solve the equation by transposing: 4+« R+28=252
move the term or function you want
to reposition to the other side of 4+.«R=052-28
the equation and use the inverse
function. 4.R=24
R=2
4
R=6orR=6Q
4. Check by substituting your answer for the 4.(6+5 +8=252
unknown value in the equation.
4.+.11 +8=52
44 + 8 = 52
52 = 52
. ©lIndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 3

313

«1:‘ E
ol



How to Solve Linear Equations by Transposing

Example 2: A transistor is a device that is used as an amplifier or a switch. A pin is the
part of a transistor that is used to connect the transistor to other components.

A particular transistor has three pins connected to a circuit. You need to find
the current (I) of one of the pins. Current is measured in amps (A). The

information you have is 3 « I + 6 = 12. What is the current (I) of the pin?

1. Rearrange each side of the equation
using the distributive law:
alb+c)=asb+acc

2. Simplify each side of the equation.

3:.1+6=12

This step is ncc applicable to this
problem.

This step is not applicable to this

problem.
3. Solve the =2quation by transposing: 3:1+46=12
move the term or function you want
to reposition to the other side of 3:.1=12-6
the equation and use the inverse
function. 3+1=6
=8
3
[=20rI=2A
4. Check by substituting your answer for the 3.2+6=12
unknown value in the equation.
6+6=12
12=12
©Industrial Technology Institute; Wayne County Communily College; Great Lakes Diuvtsion, National Steel Corporation; 1991 4
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[ _
Practice Problems
Read each problem and solve for the answer. Answers are provided in the back of this workbook.
1. Resistance (R) is the ability of a device to oppose the flow of electric current. Resistance is

measured in ohms (Q). You need to find the resistance of a certain device. The resistance (R)
is given to you as 4(R + 10) - 100 = 0. What is the resistance (R)?

2. Current (I) is the flow of electrical charge. — MWWV SANN—»

Current is measured in amps (A). The current series circuit
(I) of a resistor connected in series (end-to-end)

with another resistor is given by

10 + 20 « I = 110. What is the current (I)?

Olndustrial Technology Institute; Wayne County Community College, Great Lakes Division, National Steel Corporation; 1991 5

« 315




How to Solve Linear Equations by Transposing

3. Arheostat is a device that controls the current in
a circuit. A particular rheostat has a current (I)
- @

that can be calculated by solving

. heo t

3.1+50=110. What is the current (I)? rreosta

4. The resistance (R) of a certain electrical device — MNSANN—
connected in series (end-to-end) with another series circut

device can be calculated by solving the equation
R + 50 = 90. What is the resistance (R)?

5. Two machines together consume 3589 watts (W) of power (P). One of the machines consumes
1263 W and the other consumes an unknown power (P). What is the value of the unknown

power (P)? (Hint: solve 1263 + P = 3589)

©Industrial ‘lechnology Institute; Wayne Counly Community College; Great Lakes Division, National Steel Corporation; 1991
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How to Solve Linear Equations by Transposing

A potentiometer is a device that is used to control R
the voltage distribution in a circuit. The I '
voltage (V) controlled by a certain potentiometer

can be calculated by solving 4 « V + 20 = 60.
What is the voltage (V)?

®
potentiometer

7. The current (I) of a certain electrical device is represented by the equation 5(I + 2) = 30. What
is the current (I)?

8. You need to find the current (I) in a specific I
electric circuit. The current (I) can be found by 20
solving I + 14 = 20. What is the current (1)?
14
I ©industrial Technology Institute; Wayne County Comntunity College; Greut Lakes Division, National Steel Corporation; 1991 7
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How to Solve Linear Equations by Transposing

9. The current (1) of an electric motor can be calculated by solving the equation I + 8 = 440, What
is the current (I)? ..

10. A rheostat is a device that controls the current
in a circuit. The resistance (R) of a particular
rheostat is represented by the equation

3(R + 4)-27 =0. What is the resistance (R) of rheostat
the rheostat?

©lIndustrial Technology Institute; Wayne County Communuty College; Great Lakes Diusion, National Steel Corporation; 1991
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Answers

1. 4R+ 10)-100=0
4.R+40-100=0
4.R-60=0

4. R =60

R

0
4
15

R Q

2. 10+20.1=110
20 I=110-10
20 - I =100

100

[= ¥
@ '

I=5A

3. 3.1+580=110
3.1=110-50
3.1=60

60

=%
3

[=20A
4. R+50=90

R =90-50

R=40Q

OlIndustrial Technology Institute; Wayne County Community College, Great Lakes Division, National Steel Corporation, 1891
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1263 + P = 3589
P = 3589 - 1263

P =2326 W

4.V+20=60
4. V=60-20
4. V=40

v= %

4

V=10v

51 +2) =30
5¢1+10=230
5.1=30-10

5¢1=20

I+14=20
[=20-14

[=6A

[.8=440

- 40
8

[=55A

How to Solve Linear Equations by Transposing

©Industrial Technology Instiiute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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10. 3(R+4)-27=0
3+R+12-27=0

3+R-15=0
3+«+R=15
15
R= —
3
R=5Q
©lndustrial Technology Institute; Wayne County Community College; Greal Lakes Division, National Steel Corporation; 1991 11
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Prerequisites:

Workbook users should understand:
«  how to work with decimal numbers
«  how to work with base numbers and exponents
« how to work with squares and square roots
« the Distributive Law
. o how to use inverse functions
« how to solve equations
« how to use order of operation
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55

How to Solve Non-Linear Equations by Transposing

Focus

This lesson explains how to solve non-linear equations by transposing.

Job Examples

Job examples of when you will solve non-linear equations by transposing include
calculating:

« current of electrical components

« resistance of circuits

« power of electrical devices

Key Words
r——————_ — —_——————
Word Explanation Example
equation an equality with numbers and a+b=c
unknown values 3+5=8
equality two mathematical quantities 2+3=5
separated by an equal sign (=); the
equal sign means the two quantities
are equal
unknown value a letter in an equation with a value 7+x=20
that is not stated 5+y+z=2.12
. . . 25
non-linear any equation with one or both of the y = Y
equation following conditions: Xey=3
+ the unknown values (two values or y = 4x*
more) have powers greater than one
« the unknown values are multiplied
and/or with each other
Oindustrial Technology Institute; Wayne County Community College; Great Lakes Division. National Steel Corporation, 1991 1
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term

transposing

Distributive Law

math function

inverse function

©lndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991

in algebra, a number or letter; can

also be a number and/or letters
combined by mulitiplication or
division

moving a term with its associated
function (or moving the function
alone) from one side of the equation
to the other side and using the
inverse function

an algebraic concept stating
alb+c)=a+sb+a.c

a mathematical procedure

a math function that can be used

to cancel a specific other math

function

80,X,4.A.B, %
4

A+2=14
A=14-2

x(y +2) = xy + xz
2¢4+2¢3=2(4+3)

addition (+), subtraction (-)
multiplication (), division (+)
power (&%), root (V')

add/subtract 7+2-2=17

multiply/divide Z—;i -7

power/root ﬁi =7
____




How to Solve Non-Linear Equations by Transposing

How to Solve Non-Linear Equations by Transposing

—_—

Example 1: Current (1) is the flow of electrical charge; it is measured in amps (A). A
rheostat is a device that controls current (I) in a circuit. You need to find the
current (I) of a certain rheostat that is represented by 2(10 + 5 « I*) + 10 = 120.
What is the current (I)?

1. ...arrange each side of the equation 2010+5+« ) +10=120
using the Distributive Law:
alb+c)=a+b+a-sc 2410+2¢5¢*+10=120

2. Simplify each side of the equation. 20+2«5¢« 2+10=120
20 +10+ I +10 = 120
20 +10 « I* +10 =120

30+10« =120

3. Solve the equation by transposing: 30 +10« I*=120
move the term or function you want to
reposition to the other side of the 10 « I =120 - 30
equation and use the inverse function.
10 + I* =90
2.2
10
I’=9
I=,9
[=30rl=3A
©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 3
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How to Solve Non-Linear Equations by Transposing

4. Check by substituting your answer for the 2010 +5 » 3%) + 10 = 120
unknown value in the equation.

2(10 +5+9)+10 =120
2(10 + 45) + 10 = 120

2(65) + 10 =120

110 + 10 = 120
120 = 120
. ©lndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 4
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How to Solve Non-Linear Equations by Transpesing

V9 +R? = 5. What is the resistance (R)?

Example 2: Resistance (R) is the ability of a device (or component or material) to oppose the
flow of electrical current. Resistance (R) is measured in ohms (Q2). A
potentiometer is a device that controls the voltage distribution in a circuit. You
need to find the resistance (R) of a certain potcntiometer that is represented by

e —

1. Rearrange each side of the equation
using the Distributive Law:
ab+c)=a+.b+a-c

2. Simplify each side of the equation.

y9+R = §

This step is not applicable to this
problem.

This step is not applicable to this
problem.

3. Solve the equation by transposing: V9+R? = §
move the term or function you want to
reposition to the other side of the 9+R*=5
equation and use the inverse function.
9+R*=25
R*=25-9
R?=16
R =16
R=40orR=4Q
4. Check by substituting your answer for the 9442 = §
unknown value in the equation.
v9+16 = 5
V25 = S
5=5
©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 9
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Practice Problems

Read each problem and solve for the answer. Answers are provided in the back of this workbook.

1. Voltage (V) is electrical force or pressure. It is measured in volts (v). You need to find the

2
voltage of a certain device represented by -Yli— = P, If Pis 50 and R is 8, what is the

2
voltage (V)? (Hint: solve ys— = 50)

2. Power (P), in general, is energy delivered or consumed per second. Power (P) is measured in
watts (W). You need to find the power (P) consumed by a certain device represented by the

equation yP?+24 = 7. What is the power (P)?

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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How to Solve Non-Linear Equations by Transposing

Current is the flow of electrical charge. Current is measured in amps (A). The current (I) of
a certain electrical device is represented by 3 « I* = 75. What is the current (I)?

4. Power (P), in general, is energy delivered or consumed per second. Power (P) is measured in

watts (W). Calculate the power (P) of a certain device by solving the equation \J_g =2,

Oindustrial Technology Institute; Wayne County Community College;

329
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How to Solve Non-Linear Equations by Transposing

5. A rheostat is a device that is used to control the
current in a circuit. The resistance (R) of a
certain rheostat is represented by 3¢R = 9. rheostat .
What is the resistance (R)?

6. A potentiometer is a device that is used to control 0—\/\'\N\/TVW\A—‘
. the voltage distribution in a circuit. Voltage is o
measured in volts (v). The voltage (V) measured
across a certain potentiometer is represented by potentiometer

2
-:% = 2. What is the voltage (V)?

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Sieel Corporation, 1991 8
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How to Solve Non-Linear Equations by Transposing

7. In physics, a force (F) is measured in pounds (Ibs). The force (F) acting on an object is
represented by yF?+16 = 5. What is the force (F)?

8. Arheostat is a device that controls the current in
electrical circuits. The current (I) of a certain
—e

. rheostat is represented by 4(2 « I* + 5) = 52. eostal
What is the current (I)? €os
©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1951 9
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How to Solve Non-Linear Equations by Transposing

9. The current (1) of a certain electrical device is represented by 3 + 4(6 + 3 + I*) + 8 = 83, What
is the current (1)?

©Indusirial Technology Institute; Wayne County Community College; Greal Lakes Division, Nationa! Stee! Corporation; 1991 10
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Answers
v2

1. — = 50
8

V2=50.8

V2 = 400

2. JPE+24 27

P?2+24="T

P? + 24 = 49

Q P? = 49 - 24
P2 =25
P =25
P=5W

3 3.1*)=175
12=_72
3
1? =25
1=25
[=5A

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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12

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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7. (F+16=5

F? +16 =5
F2 +16 =25
F2=25-16
F2=9
F=y9

F =3 lbs.

8. 42+ I*+5)=052
8+ I +20 =52

8+« *=52-20

. 8. 1*=32

I=2A

©lndustrial Technology Institute; Wayne County Community College, Great Lakes Division, National Steel Corporation; 1991 13
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9. 3+46+3+1)+8=83
3+24+12.1*+8=283
35+ 12+ I =83

12. *=83-35

12+ 1> =48
.48
12
=4
1~ Va
I=2A

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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Key Words: Electrical/Electronics

Key Words: Electrical/Electronics

(alternating current)

amp (A)

Btu

(British thermal unit)

calorie

capacitance

capacitor

circuit

Explanation

a current that changes direction
periodically

the unit by which current is
measured

an English unit of measure for
measuring heat

a metric unit of measure for
measuring heat

the ability of a capacitor to store
electrical charge; it is measured
in Farad (F)

a device that stores electrical
charge

electrical components connected
together to a power source; also
known as electrical circuit

©lIndustrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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Key Words: Electrical/Electronics

o -
" Word Explanation Example

component a part of a circuit; a circuit is
made up of several components

computer microchip a component that contains
microcircuits (microscopic
circuits)

conductance the degree to which wires and

other components conduct
electrical current

conductor any material that allows the
electric current to flow with

. relative ease

conduit a pipe for encasing electrical
wire

coulomb (C) the unit of measure of electrical
charge

current (I) the flow of electrical charge; it

is measured in amps (A)

cycle a process that is repeated
periodically

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation,; 1991
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Word

DC (direct current)

diode

efficiency

electrical circuit

Farad (F)

frequency

generator

hertz (Hz)

inductance

¥————‘_————“—_—_=_—-_}

Explanation Example

a current that. circulates in the
same direction always

an electronic component —I:

output
input

output divided by input

see circuit

the unit by which capacitance
is measured

the number of waves generated
per second

a device that generates
electrical energy as a result of
an external force acting on it

a unit of frequency equal to one
cycle per second

the measure of the ability of an
inductor to oppose any change in
the electric current passing
through it

©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991
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Word Explanation Example
inductor a wire wrapped in the shape of a D ava
coil
mechanical advantage  a term that describes how much
(MA) easier a job will be due to using
a specific tool
Multimeter a meter that measures volts (v),
amps (A), and ohms (Q)
ohm (Q) the unit by which resistance (R)
is measured
period the time of one wave -
pin the part of a device that is used
to connect the device to other .
components
L
potentiometer a device that controls the W
voltage distribution in a circuit
power (P) in general, energy delivered or
consumed per second,; it is
measured in watts (W)
———— S e |
©Industrial Technology Institute; Wayne County Community College; Great Lakes Division, National Steel Corporation; 1991 4
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Word

power in

power out

power ratio

power rating

pulse

rectifier

resistance (R)

©Industrial Technology Institute; Wayne County Community College; Greal Lakes Division, National Steel Corporation, 1991

Explanation

the power coming into a device
or circuit

the power leaving a device or
circuit

the relationship between
power out and power in
(represented in a ratio or
fraction)

the highest power at which a
device can safely operate

a shape that has a rising side
followed by a falling side
separated by a certain width

a circuit or component used to
change alternating current (AC)
to direct current (DC)

the ability of a device, material
or component to oppose the
flow of electric current; it is
measured in ohms ()

Key Words: Electrical /Electronics

Example
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Word

resistivity

resistor

rheostat

series circuit

tolerance

transformer

lee——

©Industrial Technology Institute; Woyne County Communily College; Great Lakes Division, National Steel Corporation; 1991

Explanation

the specific resistance of a
certain material; it is a ratio
between the resistance and
the physical dimensions of the
material

a component that controls the
flow of current and/or voltage in
a circuit

a device that controls the
current in a circuit

a circuit with the components
connected end to end

allowed error on any measured
value

a device that increases or
decreases voltage and/or current

3143
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Key Words: Electrical/Electronics

——————

Word Explanation Example
transistor a device that is used as an

amplifier or a switch

volt (v) the unit by which voltage is
measured
voltage (V) electrical force or pressure; it is

measured in volts (v)

. watt (W) the unit by which power is
measured
wave a shape that repeats periodically m
wave
Wheatstone Bridge a circuit used to measure an unknown
resistance

[RIC 341
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Key Words: Math

Word Explanation
axis a number line on a grid
y-axis
base a number with an exponent 8t
8 is the base
common a denominator (bottom number) % % %
denominator that is the same in two or more
. fractions
Eaglish Couversion Metrie
Unit of Monsure Quantity Usnit of Measure
k 1 +
Conversion a table with information fook () 206 | meweum)
Table for converting from one inch (% 254 | cemtimeter (cm)
measurement to another pound (Ib) 453 | Kilogram (Kg)
British thermal unit (Btu) 83 calerie
harsspower (hp) 48 watt (W)
mile (md) 1.6 Kilomater : Km)
convert to change to a different form 100 centimeters = 1 meter
12 inches = 1 foot
5= 1
2
IS5 | 95
100

OIndustriai Technology Institute, Wayne County Community College; Great Lakes Ditision, National Steel Corporation, 1991
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Word Explanation
coordinates two values representing one point

on a grid. Coordinates are written
as a pair of numbers; the first
number represents the X axis value
(independent variable); the second
number represents the Y axis value
(dependent variable).

cross multiply a way to restructure

a proportion

decimal number a number with a decimal point
between the ones place and
tenths place

decimal place the position of a digit in a
decimal number

decimal point a dot between the ones place
and tenths place in a number

denominator the bottom number of a fraction

©lndustrial Technology Institute, Wayne County Communuty College; Great Lakes Division, National Steel Corpuration; 1991
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Example

(-3,2); (x,y)

3.2, 100.24, .6, 78.1

|
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Word Explanation
dependent a variable that is controlled
variable by another variable; the

vertical axis on a grid

differer ~e the result when subtracting
numbers
I digit a numerical figure
. Distributive Law an algebraic concept stating

ab+c)=asb+acc

dividend a number being divided by
another number

divisor a number being divided into
another number

English system the measurement system used in
the U. S.; it is not based on
multiples of 10

&77 e

Key Words: Math

e e )

Example

When driving a car, the
car’s speed (dependent
variable) depends on the
amount of accelerator pedal
pressure (independent
variable)

0,1,234,56,728,9

x(y +z)=xy + xz

2¢4+2¢3=24+3

1+ .6,
.12 |13, divisor/dividend

1 +.6,
.12 J13, divisor/dividend

12 inches, = 1 foot
3 feet = 1 yard
4 cups =1 quart

©industrial Technology Institute; Wayne County Communily College; Great Lakes Division, National Steel Corporalion, 1991
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Word

equality

equation

exponent

extrapolate

fraction

graph point

Key Words: Math

Explanation

two mathematical quantities
separated by an equal sign (=),
the equal sign means the two
quantities are equal

an equality with numbers and
unknown values

a number that tells how many
times a certain other number
is multiplied by itself

to estimate, infer, or project

two numbers separated by a

fraction bar; the top number
is the numerator, the bottom
number is the denominator

a specific location on an axis,

also the location where two lines

intersect

Example

2+3=5

5+x=18

10°=10 . 10+ 10
3 is the exponent

"The information
extrapolated from the
graph is, . "

1
3

wIiN
N ¢

¥
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Key Words: Math

horizontal

improper

fraction

independent
variable

intersect

Explanation

a grating of horizontal
and vertical lines

on a grid, a left and right
direction

a fraction representing a number

larger than one; the numerator
(top number) is larger than the
denominator (bottom number)

a variable that controls another
variable; the horizontal axis
on a grid

to touch or cross

W
Hi0
&8
i} 4

A lamp’s dimmer switch
(independent variable)
controls the brightness of
the bulb (dependent
variable’

__'z__lz_h'_




Key Words: Math

[
I
|

=
Word Explanation Example
inverse function a math function that can be used add/subtract 7+2-2=17
to cancel a specific other math multiply/divide 2—2—4- =7
function power/root ,,/-'7_2 =17
linear equation  any equation with both of the x+y=3
following conditions:
+ the unknown values (two values 2ea+5.b=17

or more) have powers of one

« the unknown values (two values
or more) cannot be multiplied
and/or divided with each other

line graph a line drawn through two or
more points plotted on a grid

math function a mathematical procedure addition(+), subtractiont-)
multiplication(. ), division(+)
power{a®), root(¥")

measurement a quantity followed by a 2 A (amps)
unit of measure 3 ft. (feet)
110 v (volts)

©lndustrial Technology Institute. Wayne County Communuty College, Great Lahkes Division, National Steel Corporation, 1991 6
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Word

metric
measurement

metric
measurement
scale

metric system

mixed number

Key Words: Math

Explanation

a measurement based on the
metric system

a power of ten which can also
be represented by a specific
name

a measurement system based on
powers of ten

a number consisting of a whole

number and a fraction

Example

4 milligrams, 8 centimeters,
12 liters

107 = milli
10° = mega
10° = kilo

1 meter = 100 centimeters
1 meter = 1000 millimeters
1 meter = .01 hectometers

Multiplication an algebraic concept stating that x = 4 is an equation
Property of you can multiply or divide a x+8=4.8
Equality number into both sides of an % = -‘%
equations without changing the
value of the equation
negative number a number written with a .207, -.03, -15
minus sign (-) before it
©Industrial Technology Institute, Wayne County Community College, Greal Lakes Dwision, National Steel Corporation. 1991 7
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Key Words: Math

Word Explanation Example

non-linear any equation with one or both y=

equation of the following conditions:
« the unknown values (two values Xey=3
or more) have powers greater
than one y=4.x°
- the unknown values are
multiplied and/or divided with
each other

number line a line showing the relationship DY D (U P PR PR
of signed numbers to each other 2 a1 0 1 2

numerator the top number of a fraction

e
Hlw

ordered pair another name for coordinates (5,3)

ordinary a decimal number; a number with a 7.5. 30, -.004
notation decimal point between the ones place

and tenths place; when there are no

numbers to the right of the decimal

point, the decimal point is usually

not written

part a portion of a whole; can be 7 parts of 8

- BRS]
[

represented by a numerator
ttop number) in a proper fraction

©industrial Technology Institute, Wayne County Communuly College, Great Lckes Division, Natwnal Ste:! Corporation. 1991 8




Key Words: Math

Word Explanation Example
percent a fraction with a denominator 70% = 0
100
(bottom number) of 100; % is the 120% = ig
symbol for percent
perpendicular two lines intersecting at a 90° angle F 90°
power of 10 the number 10 with an exponent 107, 10°, 10%
. positive number a number greater than zero; the +749, +.58892, + —155
plus sign (+) indicates the number or
is positive; this is understood 749, .58892, —155
and usually not included with the
number
product the result when multiplying numbers 4.3=12
. . 2 7
proper a fraction with a numerator (top 3 00
fraction number) smaller than the denominator
(bottom number)
. ©Industrial Technology Instuute, Wayne County Community College; Great Lakes Diwision, National Steel Corporation, 1991 9
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Key Words: Math

— '_'——__—_—T—_
Word Explanation Example
proportion two fractions separated by an equal ls?- = 1—32 —‘:- = 170
sign
quantity numerical value 6, 9
quotient the result when dividing numbers 8+2=4
reciprocal one divided by a number -;- is the reciprocal of 9
round the process of slightly increasing or 2307 rounds to 2300
decreasing a number to make it more 998 rounds to 1000
convenient to use 74.0012 rounds to 74
19.482 rounds to 19.5
scientific a way to represent a number; 823,000 = 8.23 + 10°
notation a number written in scientific 0000009 =9 - 107
notation is a number
(between 1 and 10) multiplied by 10
raised to a specific exponent
signed number a negative number or a positive -4, -12, 3, 802
number
| —_— —_— —— —

10



Word

significant
digit

square of a
number

square root

term

transpose

Key Words: Math

Explanation

all non-zero digits (1 through 9);
the zero is significant when it holds
any place value to the right of a
non-zero digit

the product of a number multiplied
by itself, squared numbers are
represented with an exponent of 2

a number that when multiplied by
itself results in a given number

the result when adding numbers

in algebra, a number or letter; can

also be a number and/or letters
combined by multiplication or
division

moving a term with its associated
function (or moving the function
alone) from one side of the equation

to the other side and using the
inverse function

Example

AR
.003405

ARG
50900

82=8.8=64
5'=5.5=25

2.2=40r2=4
3.3=90r3=,9

2+3=5H

80, x4+ A«B, 2

A+ 2=14
A=14-2
yr =3
x=3°

——

©Industrial Technolugy Institute, Wayne (‘ounty Communuy College, Great Lakes Division, National Steel Corporation, 1991
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Key Words: Math

Word Explanation Example
unknown value a letter in an equation with a 7+x=20

value that is not stated

unit of measure a defined measurement increment inch, meter, watt, volt,
amp
variable a symbol or letter that can a, x

vary in value

vertical on a grid, an up and down

. direction

whole the total number of parts 20%, 30 and 50% = 100%¢
100% is the whole

whole number a number that is not a fraction 1, 16, 238, -5
X axis the horizontal number line on ( - I L )
. X=3x1s
agid 7 2‘°|‘ : 7
I ©lndustrial Technology Institute; Wayne County Community College; Great Lakes Division. Nationa! Steel Corporation, 1991 12

3556




Key Words: Math

Word Explanation Example
Y axis the vertical number lineona 7777 L
o
- .
y=axis
Zero a digit that has no quantified 0
value
©lndustrial Technology Institute, Wayne County Commumty College, Great Lakes Division, National Steel Corpurativn, 1991 13
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